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Introduction 


Environment is one of eight volumes in the Science Visual 
Resources set. It contains seven sections, a comprehensive 
glossary, a Web site guide, and an index. 


Environment is a learning tool for students and teachers. Full-color 
diagrams, graphs, charts, and maps on every page illustrate the 
essential elements of the subject, while parallel text provides key 
definitions and step-by-step explanations. 


The human factor provides an overview of the impact of the 
human species on the environment. It examines the ways in which 
humanity has transformed the planet through the exploitation of 
its natural resources, the growth of the human population, and the 
general disposition of human societies around the globe. 


Food and water examines the state of the humanity’s agriculture 
and the security of its supply of safe fresh water. Issues such as 
pesticide resistance, sustainable development, and fertilizer use are 
outlined in this section. 


Land and habitat is concerned with the processes that are 
threatening the continued existence of some of Earth’s most 
valuable habitats. These processes include deforestation, 
desertification, wind and water erosion, and soil degradation. 


Land and sea pollution describes the forms of pollution that 
threaten the terrestrial and marine biospheres. It looks in detail at 
the problems of industrial and domestic waste disposal, sewage, 
and the accumulation of toxic substances in food chains. 


Air pollution describes the types of air pollution, their sources, and 
their influence on the environment. This section covers acid rain 
and greenhouse gases—two of the most significant threats to the 
environment. 


Nature under threat looks at the growing threat to biodiversity 
posed by human activities. This section lists the most endangered 
plant and animal species, estimates the number of species that 
have become extinct due to human activity, and details biosphere 
reserves and other protected areas. 


Environmental disasters describes events such as the nuclear 
disaster at Chernobyl, the chemical release at Bhopal, and their 
lasting impact on humanity and the planet. 
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What is the environment? 

@ The environment is everything around 
us, both physical and organic, that 
creates the conditions in the biosphere 
in which we live. 

@ The forests, the air, the people, the 
land, and the sea all make up Earth’s 
environment. 

@ The natural environment is the part of 
the environment that humanity does 
not directly control. It is, nonetheless, 
impacted by human activity. 


Human impact 

@ All over the world, experts are 
concerned that the natural 
environment is being damaged by 
human activities and that Earth’s 
ability to sustain life is being 
undermined. 

@ Habitat destruction, loss of species, 
and other environmental disasters are 
all consequences of the human impact 
on the environment. 

@ Humanity is changing habitats and 
natural processes as never before, and 
as a consequence will alter the global 
environment forever. 


Uncertain future 

@ The Gaia theory suggests that Earth’s 
environment acts as a self-sustaining, 
self-regulating organism. 

e@ However, the planet as we know it 
faces an uncertain future because the 
environment is now being changed 
faster than it is able to regulate itself. 


The environment 
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The human problem 


Social factors 


e e.g., family 
planning 


Population 
pressure 


e number 
e rate of growth 
e distribution 


Government policies 


e sectoral priorities 
e price distortions 
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e waste, polluting 
technologies 
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e e.g., environment- 
induced migration 
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e@ poverty 
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The human problem 

@ The world’s population is increasing 
rapidly: by mid-2004 it had almost 
reached 6.4 billion. 


Energy 

e@ The demand for energy around the 
world continues to grow, especially in 
the developed nations. 

@ The United States contains about five 
percent of the global population but 
accounts for 25 percent of global 
energy consumption. 

e China and India look likely to increase 
world energy consumption greatly in 
the coming years. 


Food and water 

@ The increasing demand for food and 
water forces farmers and fishermen to 
overexploit soil, water resources, and 
fishing grounds, diminishing 
productivity. 

@ One in five people in the world do not 
have access to safe drinking water. 


Habitat destruction 

@ Uncontrolled population growth has 
led to the overuse of unsustainable 
land clearance techniques and 
destructive coastal developments. 


Urbanization and pollution 
e Rural decline is prompting millions to 
migrate to cities to find work, food, 
and shelter. This urbanization will 
cause further increases in global 

pollution. 


People and resources 

e@ The connections between human 
population growth, human society, 
and the maintenance of Earth’s 
resources are many and varied. 

e@ Government policies, technological 
developments, religion, and external 
events such as wars and trade 
agreements all have complex 
interactions. 


© Diagram Visual Information Ltd. 


© Diagram Visual Information Ltd. 


THE HUMAN FACTOR 


Key words 


arable land fossil fuel 
climate change pesticide 


ecosystem 
fertilizer 
food chain 


Human transformation 

@ Humans have been altering their 
environment for thousands of years. 

@ The most significant technological 
innovations in the last 10,000 years 
have arguably been the use of timber 
for building and the spread of crop 
cultivation. 

@ In the past 150 years these practices 
have accelerated, during which time 
the rising population has doubled the 
area of arable land in use. 


Burning of fossil fuels 

@ The burning of fossil fuels has for 
many years caused high levels of air 
pollution and more recently has been 
linked to global climate change. 

@ Climate change is expected to alter 
many parts of the planet that have so 
far escaped deliberate transformation. 


Environmental poisoning 

@ During the last 40 years the overuse of 
fertilizers and pesticides has saturated 
many ecosystems and food chains and 
has emerged as a new global-scale 
threat. 


Link to population density 

@ The extent of ecosystem loss and 
alteration is closely related to 
population density, which is very 
uneven across the planet. 

@ Today 50 percent of the human 
population lives on less than 
ten percent of Earth’s land. 

@ Europe and parts of Asia are the 
most heavily populated regions of 
the planet and also the most 
ecologically disturbed. 


Influences on the 
environment 


Human transformation of the land 


almost 
pristine 


partially 
transformed 


almost fully 
transformed 


While the maps show a considerable proportion of the world’s land as “almost pristine,” in 
reality very little land has completely escaped human activity. 


Demands on the 


environment 


Human exploitation of 
natural resources 


clean air 
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Modern lifestyles 

@ The wealthiest populations generally 
expect their quality of life to improve 
by constantly rising standards of 
living. 

@ Such improvements are only possible, 
however, by exploiting an increasing 
proportion of the world’s resources. 

@ As a result, the health of marine, 
freshwater, and forest ecosystems has 
suffered a considerable decline in 
recent years. 


Growing demands 

@ Since 1950, the richest 20 percent of 
humanity has doubled its 
consumption of energy, meat, timber, 
steel, and copper, and quadrupled its 
car ownership. 


Freshwater 

@ Global freshwater consumption rose 
sixfold during the twentieth century— 
more than twice the rate of population 
growth. 


Overfishing 

@ In 2004 the UN’s Food and 
Agriculture Organization (FAO) 
reported that 28 percent of global fish 
stocks were either significantly 
depleted or overexploited. 

e A further 47 percent was reported as 
being either fully exploited or 
currently meeting maximum 
sustainable yield. 

@ As some fish species become scarcer, 
their market price increases, making 
them more desirable to fishermen. 


Need for timber 

@ Timber is used around the world for 
building and fuel. However, it is rarely 
used sustainably. 

e Almost half the forests that originally 
covered Earth have been cleared or 
fragmented for timber use. 
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Population increase 
@ The world’s population doubled from 


one billion to two billion between 
1800 and 1927. 

@ Since then it has increased to almost 
6.4 billion. 

@ Even though the world population 
has doubled over the last 40 years, 
it is thought that numbers will stabilize 
at approximately ten billion in the 
middle of this century. 

e@ However, events such as wars or social 
changes such as those arising from 
technological or medical advances 
could alter this prediction dramatically. 


Declines in rate of increase 

@ The global population growth rate 
began to decline about 30 years ago. 

@ Annual additions to the human 
population are still close to their 
highest ever level, however. 

e@ Around 77 million are added every 
year, or more than 200,000 people 
every day. 


Difference between 

countries 

@ The populations of some countries are 
growing much faster than others. 

@ At current growth rates, countries such 
as Pakistan and Nigeria will triple their 
populations by the middle of this 
century. 

e By contrast, the population growth 
rates of most European countries are 
slowing to a halt. 

@ The United States is one of the few 
major industrialized nations to have a 
significant population growth rate. 
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Changing demography 

e@ Demography is the study of human 
populations. It deals with the size, 
density, distribution, and vital statistics 
of people. 

e Different demographic growth rates 
are changing the distribution of the 
world’s people. 

@ In 1950 Europe and North America 
accounted for 28.5 percent of the 
world’s population; that share had 
fallen to 16.5 percent by 2004. It is 
expected to decline further to 
11.2 percent by 2050. 


Developing nations 

e@ The population growth rates of 
developing nations are increasing 
much faster than more developed 
nations. 

@ It is thought that lower /ife 
expectancy, the economic advantages 
of having more children, and limited 
access to education and contraception 
are the main causes of this rapid 
increase. 


Regions with fastest 

growth 

@ Africa’s percentage share of world 
population rose from 8.8 percent in 
1950 to 13.8 percent in 2004, and is 
projected as 21.5 percent by 2050. 

e However, the effects of the current 
AIDS epidemic may not be fully 
integrated into this projection. 

@ In recent years Asia’s population 
has increased faster than that of 
any other region. 

e@ However, it is predicted that by 2050 
this increase will become more stable 
with Asia containing approximately 
58 percent of the world’s population, 
down from its current 60.5 percent. 
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Recent population 
increases 
@ The rapid growth of the world 


population is a recent phenomenon. 
@ The population of the world 2,000 
years ago was only about 300 million. 
@ It took a further 1,600 years for the 
population to double to 600 million. 
@ From the graph it can be seen that the 
percentage rate of global population 
increase peaked some 30 years ago. 
@ This type of growth is called 
“exponential:” populations increase 
with accelerating rapidity. 


Slowing growth 

@ Even though the world growth rate 
has started to decline as a whole, there 
are still huge additions to the 
population each year. 

@ The continued high number of births 
in the face of declining birthrates is 
largely due to the increasing numbers 
of women entering reproductive age. 

@ This is the result of high fertility in 
previous years in the less developed 
countries. 


Percentage growth 

@ From the maps, it can be seen that the 
highest population growth rates are 
found in the developing nations. 

@ However, some parts of North America 
are increasing at more than 
3.5 percent per annum, which is 
unusual for a developed region. 

@ The majority of places on Earth where 
there is a growth rate greater than 3.5 
percent lie in the developing world. 

@ Many parts of Africa, Asia, and South 
America are experiencing this level of 
growth. 

@ In these locations the population is 
doubling every 20 years or less. 
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Demographic data for the countries and subregions of Africa 
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49 45 78 
6.6 49 206 
6.3 48 179 
6.8 49 211 
5.9 49 132 
4.3 57 84 
43 69 112 
2.9 52 -9 
3.5 36 -43 
44 38 23 
4.2 47 35 
2.8 53 “ll 
45 43 B 
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Overview of Africa 

@ Africa mainly consists of poor nations 
with fast growing populations. 

@ An estimated 23 million Africans are 
living with HIV/AIDS, which is rapidly 
changing the demography of some 
countries. 

e@ War and famine are common in many 
parts of Africa; this combined with a 
generally poor social and medical 
infrastructure means that life 
expectancy is on average lower than 
in other regions of the world. 


Population and growth 

e@ The most populous country in Africa 
is currently Nigeria with around 
137 million people. 

@ Nigeria is expected to more than 
double its population by 2050 to more 
than 300 million, making it one of the 
fastest growing countries in the world. 

@ Many other large African countries will 
double their population by 2050, 
including Ethiopia and the Democratic 
Republic of Congo. 


Births and deaths 


e African countries have birthrates 
among the highest in the world. 

@ This is thought to be due to high 
mortality rates, especially in children. 

e@ Other reasons include culture, the 
economic advantages of larger 
families, and the lack of available 
birth control. 

@ The highest birthrates in Africa and 
the world are in Niger with around 
55 births per 1,000 people. 

@ In 2004 Sierra Leone had among the 
highest death rates in the world at 
29 per 1,000 people per year. 

@ Many African countries have extremely 
low life expectancies. 

@ As recently as 2004, life expectancy at 
birth was just 35 years in Sierra Leone 
and Zambia. 


© Diagram Visual Information Ltd. 


© Diagram Visual Information Ltd. 


THE HUMAN FACTOR 


Key words 


demography 
fertility 


infrastructure 
life expectancy 


Overview of the Americas 

@ The Americas include two very 
different demographic regions: 

@ North America is composed of the 
United States and Canada, both 
developed nations with good 
infrastructure, healthcare, education, 
and relatively stable demographic 
profiles. 

@ The rest of the Americas consist of 
Latin America, Central America, and 
the Caribbean, which are on average 
less demographically stable, with 
higher numbers of births and deaths 
in the population. 


Population and growth 

@ In 2004 the largest population in the 
Americas was that of the United States 
with 293.6 million. 

@ By 2050 this is expected to have 
increased by around 43 percent to 
almost 420 million. 

@ This is considered by experts to be a 
large increase in population for a 
developed nation, and many parts of 
the United States are growing at more 
than 3.5 percent per year. 

@ The total fertility rate for the United 
States was 2.0 in 2004, higher than any 
other developed nation. 

@ Countries within the Americas that are 
expected to grow the fastest are 
Guatemala with 115 percent growth by 
2050 and Honduras with 109 percent. 

@ Canada is the country with the lowest 
total fertility rate at just 1.5 children 
per woman. 


Deaths and life expectancy 

@ The highest death rate in 2004 was 
found on the Caribbean island of Haiti 
where on average, 14 people per 1,000 
died per year. 

@ Life expectancy at birth was also low in 
Haiti, at just 51 years. 

@ This is almost certainly due to the 
poverty arising from ongoing war and 
political instability in the country. 


Demographic profiles: 
the Americas 


Demographic data for the countries and subregions of the Americas and the Caribbean 


1 2 3 4 5 6 7 8 
NORTH AMERICA 326 14 8 0:5 2 78 40 
Canada 31.9 11 7 0.3 ily} 79 16 
United States 293.6 14 8 0.6 2.0 77 43 
LATIN AMERICA & 549 22 6 1.6 2.6 72 42 
THE CARIBBEAN 

CENTRAL AMERICA 146 26 5 2.1 3.0 74 54 
Belize 0.3 28 5 2.3 3.4 70 102 
Costa Rica 4.2 18 4 1.4 21 79 49 
El Salvador 6.7 26 6 2.0 3.0 70 48 
Guatemala 12.7 34 7 2.8 4.4 66 115 
Honduras 7.0 33 5 2.8 4l ay 109 
Mexico 106.2 25 5 21 2.8 75 41 
Nicaragua 5.6 32 3) fade 3.8 69 93 
Panama 3.2 23 5 1.8 2.7 75 58 
Antigua and Barbuda 0.1 24 6 tka 270 71 il 
Bahamas 0.3 18 5 1.3 21 72 8 
Barbados 0.3 15 8 0.6 17 Ue =3 
Cuba 11.3 11 7 0.5 1.6 76 -2 
Dominica 0.1 17 qf 1.0 19 74 19 
Dominican Republic 8.8 25 6 19 3.0 69 52 
Grenada 0.1 19 vi 12 all Tf 3 
Guadeloupe 0.4 17 7 1.0 2.2 78 19 
Haiti 8.1 33 14 Be) 47 51 97 
Jamaica 2.6 20 7 1.4 2.4 75 39 
Martinique 0.4 14 8 OF 2.0 7S) 5 
Netherlands Antilles 0.2 15 7 0.8 2.1 76 11 
Puerto Rico 3.9 14 i 0.7 18 Ti -2 
St. Kitts-Nevis 0.05 17 8 1.0 21 70 32 
Saint Lucia 0.2 17 6 11 2.2 72 43 
St. Vincent and the Grenadines 0.1 18 7 11 2.1 72 -21 
Trinidad and Tobago 13 13 if 0.6 1.6 aa eff 
Argentina eye) 19 8 11 2.4 74 40 
Bolivia 8.8 28 9 1.9 3.8 63 75 
Brazil 179.1 20 7 ils) 2.2 71 24 
Chile 16.0 17 5 1.2 2.4 76 39 
Colombia 45.3 23 6 ily) 2.6 72 48 
Ecuador 13.4 25 4 21 3.0 71 54 
French Guiana 0.2 ei 4 2.6 3.9 75 95 
Guyana 0.8 23 9 1.4 2.4 63 -34 
Paraguay 6.0 30 3) 25 3.8 al 101 
Peru 27.5 23 6 17 2.8 69 55 
Suriname 0.4 23 7 113) 728) 70 =19 
Uruguay 3.4 16 9 0.6 2.2 ris) 24 
Venezuela 26.2 24 5 iB?) 2.8 as 59 
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Demographic data for the subregions and countries in Asia 


1 2 3 4 5 6 7 8 
ASIA 3,875 20 7 1.3 2.6 67 39 
ASIA (excl. China) 2,575 24 8 1.6 3.0 65 53 
WESTERN ASIA 209 27 6 2.0 3.7 68 89 
Armenia 3.2 10 8 0.2 12 Ts -24 
Azerbaijan 8.3 14 6 0.8 18 72 40 
Bahrain 0.7 20 S Waa rags 74 76 
Cyprus 0.9 12 7 0.5 1.6 78 14 
Georgia 4.5 i ib 0.0 14 a2 "32 
Iraq 25.9 36 9 2.7 5.0 60 124 
Israel 6.8 22 6 1.6 29 te] 56 
Jordan 5.6 29 5 2.4 3.7 77 80 
Kuwait 2) 18 Z 17 4.0 78 182 
Lebanon 4.5 23 7 17 3.2 73 53 
Oman 2 26 4 22 41 74 93 
Palestinian Territory 3.8 39 4 3.5 5.7 72 211 
Qatar OF 20 4 1.6 4.0 72 67 
Saudi Arabia 25.1 32 3 3.0 4.8 72 120 
Syria 18.0 28 5 2.4 3.8 70 95 
Turkey 71.3 22 7 14 2.5 69 37 
United Arab Emirates 4.2 16 2 14 25 74 a5) 
Yemen 20.0 43 10 3.3 7.0 60 255 
SOUTH CENTRAL ASIA 1,587 26 8 1.8 0) Cy 60 
Afghanistan 28.5 48 21 rave 6.8 43 187 
Bangladesh 141.3 30 9 2.1 a3 60 98 
Bhutan 1.0 34 9 25 4.7 66 113 
India 1,086.6 25 8 17 31 62 50 
Iran 67.4 18 6 1.2 25 69 43 
Kazakhstan 15.0 17 11 0.6 2.0 64 -1 
Kyrgyzstan Si 21 8 1.4 2.6 68 62 
Maldives 0.3 18 4 14 3:7 73 69 
Nepal 24.7 34 10 (oe 41 oe] 105 
Pakistan 159.2 34 10 2.4 4.8 61 85 
Sri Lanka 19.6 19 6 i Be) 2.0 72 10 
Tajikistan 6.6 25 6 19 3.1 68 52 
Turkmenistan 5.7 25 iS) 1.6 29 67 53 
Uzbekistan 26.4 24 8 1.6 2.9 70 84 
Brunei 0.4 22 3 19 23 76 85 
Cambodia 13.1 32 10 22 4.5 57 104 
East Timor 0.8 26 13 1.3 41 49 75 
Indonesia 218.7 22 6 1.6 2.6 68 41 
Laos 5.8 36 13 a2 49 54 98 
Malaysia 25.6 26 4 2.1 3.3 73 83 
Myanmar 50:0 25 ib 14 eu By/ 29 
Philippines 83.7 26 6 2.0 3.5 70 76 
Singapore 4.2 10 4 0.6 3 he) 6 
Thailand 63.8 14 7 0.8 1.7 71 15 
Vietnam 81.5 18 6 1.2 2.1 72 41 
China 1,300.1 12 6 0.6 iz Thi 11 
China, Hong Kong 6.8 7 5 0.1 0.9 81 38 
China, Macao 0.4 7 3 0.4 0.8 77 24 
Japan 127.6 9 8 0.1 13 82 -21 
Korea, North 22.8 iy 1 0.7 2.0 63 10 
Korea, South 48.2 10 5 0.5 12 77 -8 
Mongolia 2.5 18 6 1.2 27 65 ne 
Taiwan 22.6 10 6 0.4 12 76 -3 
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Overview of Asia 

e Asia incorporates a huge area of more 
than 50 countries with more than half 
of the world’s population. 

e@ Many of the countries within Asia are 
very poor and there is a high 
incidence of war and unrest. 

@ Consequently, many of the countries 
have lower than average life 
expectancies and high growth rates. 


Population and growth 

e@ Two of the world’s most populous 
countries lie in Asia: India and China. 

@ China is currently the most populous 
country in the world, and in 2004 
contained around 1.3 billion people. 

@ However, the population growth rate 
of China has slowed dramatically due 
to a government scheme allowing only 
one child per family. 

@ India with around 1.1 billion people is 
expected to grow by more than 50 
percent over the next 50 years. 

@ It is due to take the lead from China as 
the most populous country in the 
world in the near future. 


Births and deaths 


e@ Countries experiencing war or unrest 
usually have the highest death rates. 
@ In 2004 Afghanistan had the highest 
death rate at about 21 people 
per 1,000. 
e It also had one of the highest 
birthrates in Asia; about 48 per 
1,000 people. 


Life expectancy 

@ Japan, a developed nation, has one of 
the highest life expectancies in the 
world: in 2004 people were on average 
living to 82. 
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demograph : : Se : 
; Brapny Demographic data for the subregions and countries in Europe and Oceania 
life expectancy 
1 2 3 4 5 6 7 8 
EUROPE 728 10 12 -0.2 14 74 -8 
NORTHERN EUROPE 96 12 10 0.1 17 78 8 
Denmark 5.4 12 11 0.1 1.8 77 3 
F Estonia 13 10 13 -0.4 1.4 71 -23 
Overview of Europe Finland Ba 1 9 0.2 18 79 -8 
@ Western, northern, and some of Iceland 0.3 a 6 0.8 2.0 81 22 
h i . . Ireland 41 16 7 0.8 2.0 77 16 
southern and eastern Europe is Latvia 23 9 Wi 05 13 2 24 
composed of developed nations with Lithuania 3.4 9 12 -0.3 1.3 72 9 
: Norway 4.6 12 9 0.3 18 80 22 
strong economies. 
8 : : ' Sweden 9.0 il 10 0.1 17 80 18 
@ Here people enjoy a relatively high United Kingdom 59.9 12 10 0.1 L7 78 10 
standard of living and have a higher WESTERN EUROPE 185 11 10 0.1 1.6 79 -1 
than world average life expectanc Austaia ee e 2 ao af te z 
§ P Ni Belgium 10.4 11 10 0.1 16 79 5 
@ Birthrates are low compared to other France 60.0 13 9 0.4 1.9 79 7 
parts of the world, and many of the Germany 82.6 9 10 70.2 13 78 9 
' i : . Liechtenstein 0.03 12 6 0.5 15) 80 18 
countries are experiencing negative Caxembours 05 D 9 03 16 78 56 
population growth. Monaco 0.03 23 16 0.6 - - 27 
Netherlands 16.3 12 9 0.4 18 79 8 
P | . d h Switzerland 7.4 10 9 0.1 14 80 3 
opu ation an growt EASTERN EUROPE 299 10 15 -0.5 1.3 68 -19 
e Russia is by far the largest and the Belarus 9.8 9 15 -0.6 12 69 “13 
: | ; eer Bulgaria 7.8 9 14 -0.6 1.2 72 -38 
most populous country with aroun Czech Republic 10.2 9 11 -0.2 1.2 75 -10 
144 million people in 2004. Hungary 10.1 9 13 -0.4 13 73 -25 
e@ However, since the break-up of the Moldova 4.2 10 12 “0.1 12 68 “28 
a Poland 38.2 9 9 0.0 1.2 75 -15 
USSR conditions have worsened there Romania 217 10 Dp 03 12 71 27 
and life expectancy is comparatively Russia 144.1 10 17 -0.6 1.4 65 -0.6 
Slovakia 5.4 10 10 0.0 1.2 74 -13 
low at 65 years (and only 58 for Ukraine 47.4 9 16 -0.8 12 68 -19 
males). SOUTHERN EUROPE 149 10 10 0.1 1.3 78 -7 
@ Other heavily populated countries in Albania 3.2 v 5 12 21 74 15 
Eur Pepe ae Andorra 0.1 ll 3 0.8 13 = 3 
ULO PENNE de Germany Wit Bosnia-Herzegovina 39 10 8 0.1 2 74 E15) 
82 million people, and France and Croatia 4.4 9 11 -0.2 13 75 -14 
the United Kingdom with about Greece 11.0 9 9 0.0 13 78 “2 
a Italy 57.8 10 10 0.1 13 80 -10 
60 million each. Macedonia 2.0 14 9 0.5 7 73 3 
Malta 0.4 10 8 0.2 1.5 78 -9 
F F Portugal 10.5 11 10 0.0 1.4 77 -11 
Overview of Oceania San Marino 0.03 10 7 0.3 1.2 80 17 
®@ Oceania comprises the islands of the Slovenia 2.0 9 10 -0.1 1.2 76 -15 
southern, western, and central Pacific Spain 42.5 10 9 0.1 13 79 “3 
; ; : Yugoslavia 10.7 12 i O2 17 73 -4 
Ocean including Australia, New 
Zealand, and the Malay Archipelago. OCEANIA 33 17 7 1.0 2.1 75 43 
e Many of these small island states can Aupiivallte ; AO. we iD Os Le 80 on 
‘ ‘ Fed. States of Micronesia 0.1 28 7 21 44 67 46 
be classed as developing nations and Fiji 0.8 25 6 19 33 67 18 
have high birthrates and population French Polynesia 0.3 20 5 15 2.5 72 40 
rowth, and lower than average life Sut! oe 20 sd ue 28 18 #6 
§ ss 8 Kiribati 01 26 8 18 43 63 133 
expectancies. Marshall Islands 0.1 42 5 sh7/ 4.7 69 81 
@ Australia and New Zealand are the two Nauru 0.01 23 5 18 4.4 61 92 
P : pinene New Caledonia 0.2 22 5) iy 2.6 73 60 
developed nations in this region, and New Zealand Al 14 7 07 2.0 78 26 
their demographic statistics can be Palau 0.02 14 7 0.8 1.6 70 24 
Papua-New Guinea 5.7 32 10 2.2 41 57 90 
mpar h f Eur n P 
es bee €d to those of Bu Qpea Solomon Islands 0.5 36 9 Pell! 4.8 61 112 
countries. Tonga 0.1 25 7 18 3.4 71 20 
Tuvalu 0.01 27 10 iz! 3.8 - 122 
Vanuatu 0.2 28 6 2.2 48 67 124 
Western Samoa 0.2 29 6 2.4 4.4 73 34 
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Fertility 


e Zotal fertility describes the average 


number of children women have. 
@ The total fertility of women varies 
greatly between countries. 


Replacement level 

@ The level of fertility at which 
generations can be replaced is called 
the replacement level. 

e@ If fertility is below this level, the 
overall population of a country might 
begin to decline. 

@ The replacement level is always higher 
than two because not all offspring 
reach child-bearing age. 

@ Most populations have a replacement 
level of 2.1 children per woman but 
this can rise in countries with higher 
mortality. 


Developed nations 

@ In virtually all the developed nations, 
fertility is currently below replacement 
level and is expected to remain below 
that level. 

@ In 2004 the United States had a fertility 
rate of 2.0, higher than any other 
developed nation. 


Developing nations 

@ In the less developed regions as a 
whole, fertility is still above 
replacement level with 3.1 children 
per woman. 

e If China is removed from the 
calculation, total fertility in the less 
developed regions rises to 3.5. 

@ This is expected to fall to 2.17 children 
per woman by 2050. 


© Diagram Visual Information Ltd. 


THE HUMAN FACTOR 


Key words 


family planning 
habitat 


pollution 
migration 


Family planning 

@ Experts believe that if the unmet need 
for family planning was satisfied in 
developing countries, population 
growth rates would begin to fall. 

@ However, in many countries infant 
mortality is so high that families often 
produce more children than they can 
support, knowing that not all of them 
will survive. 

@ In harsh economic environments it is 
also an asset to have more rather than 
fewer children. 


Consequences of growth 

@ As populations become larger, more 
pressures are put on the environment 
from pollution and habitat loss. 

@ Resources become stretched and less 
money is spent on the environment. 
@ Parents are unable to afford schooling 
for children in large families, which 
increases crime and urban migration. 
@ Poverty causes slum and squatter areas 
to expand, further increasing the 

problem. 


Africa 

@ In many African countries any benefit 
from economic growth is canceled out 
by population growth. 

@ Africa is the only continent where 
agricultural production per capita has 
been declining steadily while 
population and environmental 
degradation have increased. 

@ Policies are needed to reduce 
population growth rates by 
empowering women, through 
education and access to health 
advice and welfare. 


Cause and effect 


1 


Reasons for large 
families in developing 
world 


inadequate family 
planning information 
and services 


lack of government 
population policy 


children are seen as 
economic assets 


high infant mortality 


lack of women’s 
education and 
empowerment 


Population growth: 
cause and effect 
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Problems with 
large families 


growing population 
puts pressure on 
environment 


family land divided into 
smaller plots 


no money for 
conserving environment 


resources overstretched 
by growing numbers 


rapid population growth 
slows economic 
development 


circular causation 
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Consequences 


more children are 
needed to fetch 
firewood and water 


parents unable to 
provide health care 


parents unable to 
afford schooling 


rural to urban 
migration 
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slums, and squatter 
settlements 
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Availability of 

contraception 

@ In many developing countries good 
quality family planning services and 
resources are still unavailable. 

@ Social traditions, religion, and other 
beliefs also hinder the widespread use 
of contraception. 


High costs 

@ The costs involved in creating 
comprehensive contraception 
programs are often too great for the 
countries involved. 

@ Effective contraceptive programs need 
to provide not only contraception but 
also education and advice. 

@ Some parts of many countries are 
inaccessible, making these types of 
programs difficult. 


Modern contraception 

@ Female sterilization is the most 
popular contraceptive method 
worldwide, followed by the 
intrauterine device (IUD). 

e@ However, access to these modern 
methods is still very limited in Africa 
and in other regions. 

@ The condom remains the cheapest 
method of contraception and most 
effective means of protection against 
sexually transmitted diseases: not only 
is it reliable for family planning, it is 
also effective at controlling the spread 
of HIV/AIDS. 


Africa and contraception 

@ Africa is one of the few regions in the 
world that is yet to decrease fertility 
effectively using contraception. 

@ From the map it can be seen that 
many African countries have a 
contraceptive use of less than 
20 percent. 


© Diagram Visual Information Ltd. 


THE HUMAN FACTOR 


Key words 


AIDS HIV 

carcinogen malnutrition 

noncommun- 
icable condition 


communicable 
disease 
healthcare 


Noncommunicable 

diseases 

@ In the developing regions, 
noncommunicable conditions 
or diseases are becoming as 
much a cause of disability and 
premature death as infectious or 
communicable diseases. 

e@ The main killer is still HIV/AIDS, but 
noncommunicable diseases such as 
heart disease and respiratory 
conditions are close behind. 

@ These conditions may soon become 
more serious than infectious diseases 
and malnutrition. 

@ By 2020, noncommunicable diseases 
are expected to account for 70 percent 
of deaths in developing nations. 

@ In developed nations, the biggest 
killers are heart disease, stroke, and 
pulmonary problems—all 
noncommunicable conditions. 


Healthcare dependence 

@ In 1990 the three leading causes of 
healthcare dependence in the world 
were: pneumonia, diarrheal diseases, 
and perinatal (birth-related) 
conditions. 

@ By 2020, heart disease, depression, 
and road traffic injuries are projected 
to have taken their place. 


Main causes 

@ The main causes of death and 
disability worldwide can be linked to 
common risk factors. 

@ These are tobacco, alcohol use, diet, 
physical inactivity, and environmental 
carcinogens. 

@ By 2020 diseases related to tobacco 
use are expected to be more common 
than any other. 
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Developing nations 


HIV/AIDS 

Lower respiratory infections 

Ischemic heart disease 

Diarrheal diseases 

Cerebrovascular disease 

Childhood diseases 

Malaria 

Tuberculosis 

Chronic obstructive pulmonary disease 


Measles 


Developed nations 


Ischemic heart disease 
Cerebrovascular disease 

Chronic obstructive pulmonary disease 
Lower respiratory infections 
Trachea/bronchus/lung cancers 

Road traffic accidents 

Stomach cancer 

Hypertensive heart disease 
Tuberculosis 


Self-inflicted 


source: World Health Report, WHO, 2002 


Developing regions 


Number of deaths 


2,678,000 
2,643,000 
2,484,000 
1,793,000 
1,381,000 
1,217,000 
1,103,000 
1,021,000 
748,000 
674,000 


Number of deaths 


3,512,000 
3,346,000 
1,829,000 
1,180,000 
938,000 
669,000 
657,000 
635,000 
571,000 
499,000 


The spread of AIDS 


Estimated numbers of people living with HIV/AIDS, 2004 
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AIDS 

@ Acquired Immunodeficiency Syndrome 
(AIDS) was first identified in the early 
1980s. 

@ Since then it has become one of the 
most devastating diseases to have 
affected humanity. 


Mounting figures 

e@ Worldwide in 2004, an estimated 
38 million people were either infected 
with the HIV virus (were “HIV- 
positive”), or living with AIDS. 

@ It is estimated that in 2004 around 3.1 
million people died from AIDS. 

e@ This means that approximately 
8,500 people die from the condition 
every day. 

@ Between 1981 and 2003 the total 
number of deaths from AIDS was 
around 20 million. 


The spread of HIV/AIDS 

e@ The spread of HIV and AIDS is 
accelerated in regions of conflict, 
poverty, heavy migration, and 
inequality between men and women. 

@ Worldwide, about 47 percent of all 
people infected with HIV are women. 


Biggest killer in Africa 

@ AIDS is the leading cause of death in 
sub-Saharan Africa. 

@ In many of the worst-affected 
countries, the adult prevalence rates 
are still rising. 

e Around 57 percent of the HIV-positive 
Africans are women. 


Living with HIV/AIDS 


e In 2003 young people aged 15-24 
accounted for half the new worldwide 
infections. 

@ This is around 6,000 infections each 
day and most do not know they are 
carrying the disease. 

e@ Many millions more know nothing or 
too little about HIV/AIDS to protect 
themselves against it. 
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The economic cost 

@ The HIV/AIDS epidemic is having and 
will continue to have a profound 
impact on growth, income, and 
poverty worldwide. 

@ By 2010, per capita gross domestic 
product (GDP) in some of the hardest 
hit countries may have dropped by 
eight percent. 

e@ The most heavily hit countries could 
lose more than 20 percent of GDP 
by 2020. 

@ It is estimated that the annual per 
capita growth in half the countries of 
sub-Saharan Africa is falling by 0.5-1.2 
percent as a direct result of AIDS. 


Controlling HIV/AIDS 


@ In combating HIV/AIDS, young people 
must be a priority. 

@ Twenty-five years into the epidemic, 
millions of young people—the most 
sexually active part of the 
population—still know little about 
the disease. 

@ According to UNICEF, more than 50 
percent of young people 15-24 in a 
dozen developing countries have 
never heard of HIV/AIDS, or have very 
inaccurate information about how it is 
transmitted. 

@ Providing young people with 
information and preventative advice is 
vital in halting the spread of HIV/AIDS. 


Treatment of HIV/AIDS 


@ Huge amounts of money have been 
spent on developing treatment for 
HIV/AIDS. 

@ Although it is still incurable, the use 
of antiretroviral drugs in combination 
can mean an infected person may 
never develop the symptoms of full- 
blown AIDS. 

e However, an estimated five million 
people in low and middle income 
countries do not have access to the 
drugs that could save their lives. 


Living with AIDS 


Estimated number of adults infected with HIV, by WHO region, 1980-2003 
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Malaria and climate 
change 


Malaria 


Farming 


® Crop irrigation provides 
plentiful water in which 


mosquito larvae can 
develop and hatch. 


@ Livestock provide 
mosquitoes with the 


blood needed to maintain 


their high populations. 


\ 


Anopheles mosquito 


@ The growth of 
populations of 
this insect 
means that the 
malaria parasite 
Plasmodium 
continues to thrive. 


/ 


Logging and deforestation 


@ These activities also 
allow the malarial 


mosquito to spread, and 


provide stagnant water 
for breeding. 


Settlement 


®@ Growth in human populations 
has led to the construction of 
new roads and towns in areas 


where mosquitoes abound. 


@ This has allowed malaria to 
spread very rapidly within 


new communities. 


@ Dams also provide breeding 


grounds. 


Climate change 
@ Global warming brings 


Transportation 


@ The growth of air 
travel has made 
“airport malaria” 
commonplace. 


Control 


® Considerable 
environmental 
damage has been 
done in attempts to 
eradicate malaria. 


@ Insecticides have 
poisoned the food 
chains of ecosystems, 
causing long-term 
environmental harm. 


warmer and wetter conditions 


to some areas. 


@ This extends the range of the 
Anopheles mosquito. 


@ Many areas have experienced 
dramatic increases in the 
incidence of malaria during 
extreme weather events 
correlated to El Nifio. 
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Most lethal parasite 

@ Malaria is by far the world’s most lethal 
tropical parasitic disease. 

@ It continues to kill around 1.2 million 
people per year—more than any other 
communicable disease except 
tuberculosis. 

@ Worldwide prevalence of the disease is 
estimated to be 300-500 million 
clinical cases each year. 

@ In 2004, 1.136 million deaths from 
malaria, 90 percent of the worldwide 
total, were in Africa. 


Spread by mosquito 

@ Malaria is a vector-borne disease 
caused by a parasite called 
Plasmodium, which is transmitted to 
humans by the Anopheles mosquito. 

@ These mosquitoes can breed readily in 
stagnant freshwater. 


Disturbed areas 

@ Changes in land use are linked to an 
increased risk of the disease. 

@ Areas in the tropics with much road 
building, mining, logging, and 
agricultural and irrigation projects 
suffer a higher prevalence of malaria. 


Climate change 

@ Changes in the global climate are also 
helping the spread of malaria. 

@ With global warming malaria may 
gradually expand out of the tropics to 
temperate regions. 

@ Other causes, such as collapsing health 
services, armed conflicts, El Nifio, and 
the movement of refugees add to the 
spread of malaria. 


Combating malaria 

@ Many attempts have been made to 
control the spread of malaria with 
insecticides. 

@ Better management of water resources 
reduces the transmission of malaria 
and other vector-borne diseases. 


© Diagram Visual Information Ltd. 


© Diagram Visual Information Ltd. 


THE HUMAN FACTOR 


Key words 


rural 
urbanization 


@ The world is steadily becoming more 
urban as people move from the land 


to towns and cities in search of 
employment, education, and a 
higher standard of living. 

@ Huge numbers of people are leaving 
agricultural communities and land that 
can no longer support them, and 
accelerating the urbanization of the 
less developed countries. 


@ The share of the global population 
living in urban areas increased from 
33 percent in 1960 to 48 percent 
(three billion people) in 2003. 

@ This proportion is expected to 
increase to 60 percent by 2030: 

5.0 billion people out of a projected 


global population of around 8.1 billion. 


@ Much of this growth will be due to 
natural fertility rather than migration. 


@ The world’s urban population is 
currently growing at four times the 
rate of the rural population. 

@ The number of urban dwellers now 
equals that of rural dwellers. 


@ The growth of the world’s rural 
population has been slowing markedly. 

@ In 1950, seven out of every 10 people 
on Earth lived in rural areas. 

@ Over the course of the next 50 years, 
rural population growth averaged 
1.19 percent per year and the rural 
population nearly doubled. 

@ By 2030, rural population growth is 
expected to be minimal and the 
number of rural inhabitants will 
remain at around 3.2 billion. 


Projected urban growth rate, 1990-2030 
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Urban-rural distribution of global population, 1975-2015 
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Urbanization of the world 
population 
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total population: 326 million (258 million-68 million) 
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Europe 


total population: 728 million (539 million-189 million) 
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Oceania 

total population: 33 million (24 million-9 million) 
PETEPTTETERTITTEPPTETERTT TEP ERTT ETE RPP T TERR TTT 
PPPPEPETErErererererererererererererrererererin 28% 


72% 


Asia 
total population: 3,875 million (1,511 million—2,364 million) 
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Africa 
total population: 885 million (310 million—575 million) 
0) SSSSSSSHSHSHSHSSSSSSSSHSHSHSSSSSSHSSSSSSHSHSHSHSEHHSSSSSEHESSEHEEE 
S5'7o PHEPETETTEREETERTET ERED RT TEETER TERETE TTT 
FPPPPETETETTTTTerererererrrerrererererererererttey 65% 


THE HUMAN FACTOR 


Key words 


GDP 
pollution 


urbanization 


Urbanization trends 

@ For the first time in history, more 
people will soon live in urban areas 
than rural areas. 

@ Cities occupy less than two percent of 
Earth’s land surface, but house almost 
half the world’s population and use 
75 percent of the resources we take 
from the planet. 

@ Virtually all the population growth 
expected during 2000-2030 will be 
concentrated in the urban areas of 
the world. 


Developing regions 

@ Between 2000 and 2030 the urban 
population of developing nations is 
predicted to grow by 2.3 percent 
per year. 

e@ The urban populations of more 
developed nations are expected to 
increase very slowly, if at all. 


Urbanization factors 

@ Cities are generally very productive. 

e@ The World Bank estimates that urban 
areas in the developing world account 
for between 65 and 80 percent of 
national GDP. 

@ City dwellers tend to use more 
resources, but have fewer children and 
thus help to drive down national rates 
of population growth. 

@ On average, urban dwellers have 
higher incomes and live healthier lives 
than their rural counterparts. 


| Slums and pollution 


_ @ Between 26 and 50 percent of urban 


inhabitants in developing countries 
live in slums or squatter settlements. 

e@ Worldwide, more than one billion 
people live in urban areas where air 
quality is poor enough to cause health 
concerns. 
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Expanding towns and cities 


@ One result of increasing urbanization 


is the ever-expanding metropolitan 
area. 

e@ These metropolitan areas, or 
“agglomerations,” include a central city 
and neighboring communities linked 
to it by a continuous built-up area. 

@ Sometimes, these agglomerations have 
more than one central town or city. 

e An urban agglomeration with ten 
million inhabitants or more is 
sometimes called a megacity. 


Rapid growth 

@ In 1950 New York was the only 
megacity in the world. 

@ By 2006 there were 25 megacities, with 
18 of these in the developing world. 

@ The growth rates of these large 
megacities are much higher than in 
developed countries. 

e@ The number of megacities is expected 
to increase greatly in the coming years 
as more people move to urban areas 
to find work and a better standard 
of living. 


Problems in urban areas 

@ The current pace and scale of change 
often strains the capacity of local and 
national governments to provide even 
the most basic services to urban 
residents. 

@ Many countries are developing new 
policies to address the demands 
created by the increasing number of 
people in cities. 

@ Governments are also keen to 
capitalize on the benefits of 
urbanization, such as economic 
growth. 


The megacities 


Megacities 


Metropolitan areas with more than 15 million inhabitants, 2006 


More than 15 million inhabitants 
Tokyo 

Mexico City 

Seoul 

New York 

Sao Paulo 
Mumbai (Bombay) 
Delhi 

Shangai 

Los Angeles 
Osaka 

Jakarta 

Kolkata (Calcutta) 
Cairo 


Metropolitan areas with 10-15 million inhabitants, 2006 


10-15 million inhabitants 
Manila 
Karachi 
Moscow 
Buenos Aires 
Dacca 

Rio de Janeiro 
Beijing 
London 
Tehran 
Istanbul 

Lagos 
Shenzhen 


Population 
34,200,000 
22,800,000 
22,300,000 
21,900,000 
20,200,000 
19,850,000 
19,700,000 

18,150,000 
18,000,000 
16,800,000 
16,550,000 
15,650,000 
15,600,000 


Population 
14,950,000 
14,300,000 
13,750,000 
13,450,000 
13,250,000 
12,150,000 
12,100,000 
12,000,000 
11,850,000 
11,500,000 

11,100,000 
10,700,000 


Problems of the urban 
environment 


Urban issues 


children in 
need of care 


shanty towns and 
squalid housing 


uncollected 
garbage 


air pollution 


| \ and crime 


accumulating waste 


abandoned 4 


open drains 


traffic congestion 
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Overcrowding 

@ An estimated 25-50 percent of urban 
inhabitants in developing nations live 
in impoverished and overcrowded 
slums and squatter settlements. 

@ These deprived areas generally have 
no access to adequate water supplies, 
sanitation, or refuse collection. 

@ Massive overcrowding is common 
because of land shortage and 
high rents. 

@ These living conditions promote 
epidemics of tuberculosis, diarrhea, 
and other communicable conditions. 


Social problems 

@ Traditional family structures can break 
down, increasing the numbers of 
children in need of care. 

@ Violence and crime are generally much 
higher in deprived crowded areas. 

@ Poverty and lack of employment can 
mean many people turn to crime at an 
early age. 

@ These problems are especially severe 
in areas of new urban migration. 


Pollution 

@ Worldwide, more than one billion 
people live in urban areas where air 
pollution exceeds acceptable levels. 

@ Traffic congestion adds greatly to air 
and noise pollution in these areas. 


Positive aspect 

@ On the positive side, urban 
populations generally have greater 
access to education, health, and clean 
water and sanitation than their rural 
counterparts. 
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Measuring poverty 


@ Poverty is often measured using 


income or consumption levels. 

@ Someone is considered poor if their 
income falls below a minimum level 
necessary to meet basic needs. 

@ This minimum level is often referred 
to as the “poverty line.” 

@ The World Bank assesses poverty by 
estimating the number of people living 
on $1-2 per day. 

@ Living on less than $2 per day is 
considered living in poverty, while 
living on less than $1 per day is 
referred to as “extreme poverty.” An 
income greater than $2 per day is 
considered “non-poor.” 

@ These definitions are disputed by 
some experts, who argue that poverty 
should be defined relatively. 


Extreme poverty 

@ The number of people in developing 
nations suffering from extreme 
poverty declined only slowly during 
the 1990s. 

@ The share of the population of the 
developing world living on less than 
$1 per day fell from 28 percent in 
1987 to 21 percent in 2001. 


Trends in poverty 

@ The number of people living in 
extreme poverty has remained roughly 
constant, at nearly 1.3 billion, as the 
world population has increased. 

@ Trends in social indicators show that 
while there has been average progress 
with health and education, in all 
aspects of life the poor are 
systematically worse off than the 
non-poor. 

@ In 2004 it was estimated that roughly 
2.8 billion people lived on less than 
$2 a day. 


Poverty in the developing 
world 


Extreme poverty by region 
Population by regions living on less than $1 per day (in 1993 purchasing 
power parity terms), and regional proportions, in 1981, 1990, and 2001 
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World distribution of 
wealth 
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Unequal distribution 

@ The distribution of wealth around the 
world is very unequal. 

@ The relative gap between rich and 
poor in developing nations is at least 
as great as it is in the developed world. 

@ It is thought that one of the main 
challenges in today’s global economy 
and society is “poverty in the midst 
of plenty.” 

@ Many consider that fighting poverty is 
both a moral imperative and a 
necessity for a stable world. 


Consequences 

@ More than 120 million primary school 
age children are out of school, more 
than half of them girls. 

@ Many people live without adequate 
food, shelter, clean water, or 
sanitation. 

@ While around 2.8 billion people in 
developing regions still live on less 
than $2 per day, those in more 
developed nations live in comparative 
luxury, though often in conditions 
regarded as very poor by the standards 
of their own countries. 


Development and debt 

relief 

e@ Two of the most important ways of 
reducing poverty on a global scale 
are development assistance and 
debt relief. 

e@ Through the World Bank and the 
International Monetary Fund (IMF), 
the international community adopted 
development goals during the 1990s. 

@ Progress in meeting these goals has 
been slow and uneven across the 
world. 

@ Debt relief under the enhanced 
Heavily Indebted Poor Countries 
(HIPC) Initiative, is an important 
dimension of assistance to 
developing countries. 
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Wood as fuel 

@ In 2003, 2.3 billion people still relied 
on biomass—organic matter—for their 
cooking and heating. 

@ In many countries of the world, wood 
is the only available source of biomass 
with which to cook food and provide 
warmth. 

@ Between 50 and 70 percent of all wood 
consumed on Earth is used for daily 
cooking purposes. 

@ Wood provides nearly all the energy 
needs of sub-Saharan African nations. 

@ Of all wood harvested, 92 percent 
in South Asia and 73 percent in 
Southeast Asia is used for fuel. 


Wood shortages 

@ The UN Food and Agriculture 
Organization (FAO) estimated that by 
the year 2000, 2.4 billion people were 
either short of fuelwood or using it 
unsustainably. 

@ In 2000 the world fuelwood deficit had 
reached 1.255 billion cubic yards 
(1.0 billion m3 per year. 


New cooking stoves 

@ Traditional wood-burning stoves and 
open fires usually operate at a low 
efficiency of around 6-8 percent. 

e@ Improved fuelwood stoves are at least 
three times as efficient. 

@ The cost of five million fuel-saving 
stoves would be the same as the cost 
of one hydroelectric dam project in 
Africa. 

@ Using all these stoves combined would 
save five times the energy a typical 
hydroelectric dam could produce. 

@ New stoves would reduce pollution 
and particulates, both local and 
widespread; and reduce drudgery for 
women and children 

@ The firewood saved would help the 
conservation of forests. 


The fuelwood crisis 
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Limited water supplies 
@ The supply of freshwater is limited, yet 
demand is rising rapidly as the world’s 
Freshwater population grows. 

easily accessible surface freshwater 1% @ Each year, between 432 and 486 billion 
cubic feet (12-14 billion m3) of water 


W444 J ; are available for human use. 
VA ; y/ : @ The UN recommends that people 


groundwater 20% ice caps and glaciers 79% of fresh water per day for drinking, 
washing, cooking, and sanitation. 


need a minimum of 13 gallons (50 1) 


Easily accessible surface freshwater aia n 
atmospheric water vapor 7% Rising consumption 


rivers 1% lakes 52% Soil moisture 399% @ Over the past 70 years the world 

population has tripled. 

e Water use, however, has increased 

! @ Per capita use of freshwater, especially 
water within living organisms <1% in the more developed regions, is 

rising fast. 

Projected freshwater scarcity, 2025 @ This rise has been attributed to 

“modern living” in developed 

countries where more money is spent 

on luxury items, products, and 

services that consume water. 


Water crisis in the future 
scarcity of easily @ In 2004 it was estimated that a third of 
accessible water the world’s population lived in 
water-stressed countries. 

@ This is expected to rise to two thirds 
by 2025. 


Worst hit areas 

@ The areas most at risk from water 
shortages are the Middle East, North 
Africa, and sub-Saharan Africa. 

@ There are currently around 200 million 
sub-Saharan Africans living in drought 
regions. 

@ This figure will rise to 700 million 

by 2025. 


[| scarcity of economically 
accessible water 
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Rivers and groundwater 

@ Water use from rivers and 
underground reserves has grown by 
2.5-3 percent annually since 1940— 
much faster than population growth. 

@ Little of the water in some of the 
world’s major rivers now reaches 
the sea. 

@ The Nile and Colorado rivers are so 
heavily used that they no longer reach 
the sea for days at a time. 


Yangtze River, China 

@ The Yangtze is China’s longest river at 
3,960 miles (6,380 km). 

@ Water use for industry and agriculture 
increased throughout the mid- 
twentieth century, and by the 1970s 
the Yangtze’s water supply had begun 
to run out. 

@ Measures are now being taken to 
restore the water flow. 


Irrigation of crops 

@ More than 60 percent of the water 
used in the world each year is diverted 
for crop irrigation. 

@ Egypt, which must irrigate all its crops, 
uses more than five times as much 
water per capita as Switzerland. 

@ Asia contains 66 percent of the 
world’s irrigated land, and more 
than 85 percent of its water is used 
for irrigation. 

@ The Green Revolution in the late 
twentieth century made it possible to 
double the area under irrigation to 
more than one million acres 
(405,000 ha). 


Possible wars and conflicts 
@ Experts believe that in the future water 
crises may become so acute that some 
countries will go to war over access to 

freshwater. 


Freshwater scarcity 


Freshwater for agriculture 


Projected increase in 
agricultural use of water 
between 1998 and 2030 
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Overcrowding 
e As cities grow larger, there is usually 


less living space available, especially in 
developing nations. 

@ Overcrowding is common where there 
is inadequate provision for the 
expanding population. 


Living conditions 

@ Living conditions in many parts of the 
world are deteriorating, mainly as a 
result of low levels of investment. 

@ Housing policies, such as large 
apartment blocks in urban areas, 
greatly affect the people’s living 
conditions. 

e@ Slums and squatter settlements are 
becoming more commonplace 
because lack of space has led to huge 
property and land price increases. 


Floor space 

e Around 60 percent of industrialized 
countries have a floor area per person 
of 215 square feet (20 m2) or more 
compared to only ten percent in 
developing nations. 

@ Floor space per person is less than 
215 square feet (20 m2) for all African 
countries, and for 75 percent of Asian 
and Pacific countries. 

e In less developed nations, only seven 
percent of cities have an average floor 
area of 215 square feet (20 m?) or 
more. 

@ More than half have an average floor 
area of less than 100 square feet (9 m?) 
per person. 

@ In nearly 60 percent of Latin American 
and Caribbean cities, the average floor 
area is at least 160 square feet (15 m2) 
per person. 

@ This is only the case in six percent of 
African cities and 20 percent of cities 
in Asia. 
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Global transportation 

@ The four main types of transportation 
used throughout the globe are road, 
rail, aviation, and maritime. 

e@ All transportation has detrimental 
effects on the environment. 


Pollution 

@ Much of the pollution produced by 
transportation damages human health, 
including: carbon monoxide (CO), 
ground level ozone (O3), lead (Pb), 
nitrogen dioxide (NO,), and 
particulate matter (PM). 

@ Many atmospheric toxins are known to 
cause serious diseases and health 
problems, including cancer and birth 
defects. 


Greenhouse gases 

@ Pollution such as carbon dioxide, 
methane, and nitrous oxide are all 
greenhouse gases produced by 
transportation. 

@ They contribute to global climate 
change by trapping heat within the 
atmosphere. 

@ Chlorofluorocarbons are depleting the 
stratospheric ozone layer. 


Habitat loss and damage 

@ The creation of new roads, railroads, 
airports, and docks has fragmented 
and destroyed habitats. 

@ Ecosystems can be irreversibly 
changed even by small disturbances. 

@ Hazardous materials can sometimes be 
released during transportation: for 
example, oil spillages from tankers 
can be devastating to marine life. 


Environmental effects of 
transportation 


Effects of transportation 


Activities 
vehicle 
and parts 
manufacture 


operations, 
maintenance, 
and support 


infrastructure 


construction travel 


Outputs 

emissions/releases 

to air, water, or land: 

@ criteria air pollutants 
@ toxins 

@ greenhouse gases 

e@ chlorofluorocarbons 


land use changes: 

e land area taken 

@ changes in 
impervious 
surfaces 


hazardous 
materials 
incidents 


ambient levels/ 
pollutant 
concentrations 


exposure 


Outcomes 
effects on human 


health and welfare 


disposal 
of vehicles 
and parts 


other 
activities 


amount of 
material 
entering 

solid waste 
stream 


effects on 
habitat, wildlife, 
and ecosystems 


Automobiles by country 


Numbers of vehi 


cles, 2002 


— 1 million 


D) = Passenger 


vehicles vehicle 

| Usa Total 225,452,000 | 
WODOOOOOOOOOOOOG 
POSS eereeeneee. 
WOOOOOOOOOOOOOG 
DOOOOOOOOOOOOOG 
BOC SCC SCS eecee 
WMOOOOOOOOOOOOG 
D2QOOOGOOOOGGOGGEG 
P-P.P.P.P.P.P.P.P.P.P.P.P.PLP 
P,P.P.P.PLP.P.P.P.PLP PLP PPP. 
| 
VJOOOOOOOOOOOOOOGOOG 
IIOOOOOOOOOGOOOGOGO" 
VOOOOOOOOOOOOOOOOQ0G 
| 
PEP PSCSRPSCSCR PCCP See RPeee 
VOOOOOOOOOOOOOGOOOOOGOORG 
| 
DOOOOGOOGGOOGGOOOS4 
VOOOOOOOGOOOOGGOOGGG 
France J i 
VWOOOOOOOOOOOOG 
VOOOOOOOOOGGOOGOGG 
OK ff ] 
2®2VOOCOGOCCGOGCOGG 
ZOOOOGOOOGGOO0G 
Spain 
Fy ie ee 0 i (© i 
Brazil Total 20,094,000 
VOOOOOOOOOOOOOOG 
] 
PLP/PLP.P{P_PLPLP PLP P PLP PLP PP 
VOOOOOOOOG 
Country Persons per Persons per Country Persons per Persons per 

vehicle passenger vehicle vehicle passenger vehicle 
USA i rc 2.1 UK 18 2.0 
Japan ile Za Spain ile 2.1 
Germany 1.7 18 Brazil 8.6 10.8 
Italy ills) ibey Canada 1.6 ibe) 
France ste 2.0 Australia 1.6 19 


THE HUMAN FACTOR 


Key words 


greenhouse gas 
pollution 


Automobiles on the 
increase 
e@ The number of motor vehicles in use 


around the world grew from only 
8,000 in 1900 to 808 million by 2002. 

@ By 2025 there are likely to be more 
than one billion vehicles on the 
world’s roads. 

@ It is estimated that there is currently 
one automobile for every 12 people in 
the world: ten times the figure 50 
years ago. 

e@ Two thirds of these vehicles are in 
Western Europe and North America. 


Energy demands 

@ Transport accounts for one quarter of 
world energy use and roughly half the 
world’s oil production. 

@ Motor vehicles currently use nearly 
80 percent of all motor related energy. 

@ By using large amounts of energy, 
motor vehicles are a major contributor 
to greenhouse gas emissions and 
urban air pollution. 


Urbanization 

@ As areas become more urbanized and 
cities expand, motorized transport 
becomes essential for commuting, 
shopping, and many other activities. 

@ In many countries, public transport is 
often of a poor standard and people 
aspire to own their own automobile. 


Urban public transport 

@ Some developed nations can afford 
mass transit systems that are so 
efficient people prefer using them to 
driving automobiles in congested city 
streets. 

@ To cut congestion and pollution, 
some cities now restrict driving at 
peak times by charging or other 
means, as an incentive for people to 
use public transport instead. 
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Automobiles per person 
@ Per capita automobile ownership is 


high in the wealthy nations of North 
America, Europe, and Japan. 

@ It is still comparatively low in 
most developing countries, but 
is increasing fast. 

@ In 2002 the United States had 789 
automobiles per 1,000 people, the 
highest density of automobile 
ownership in the world. 


Increase in ownership 

e@ Automobile ownership has risen 
steeply in China and India over recent 
years due to robust economies and 
decreasing ownership costs. 

@ The number of vehicles in China grew 
by 300 percent between 1980 and 
1998. 

@ India’s ownership figures expanded by 
nearly nine percent per year over the 
same period. 

@ India had only seven automobiles per 
1,000 people in 1998 but is projected 
to have 382 by 2050. 

@ This would mean India may have 
611 million automobiles by 2050, the 
highest number of automobiles owned 
in any country in the world. 


The consequences 

@ The increased use of motor vehicles 
worldwide will have many 
consequences. 

@ In individual countries, there will be 
greater air pollution, more deaths on 
the road, and congestion will increase. 

@ On a worldwide scale, emissions of 
greenhouse gases will rise steeply. 

@ The increased demand for oil will 
mean prices will rise, putting pressure 
on the countries that rely on oil 
imports. 


Automobile density 


People and vehicles 
Number of people per vehicle in the world 


Total vehicles Passenger cars 
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Global sanitation 
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Access to sanitation 
@ Throughout the world, access to 


sanitation is even more limited than 
access to safe water. 

@ One quarter of the population of 
developing countries lacks access to 
safe water but more than half has no 
access to sanitation. 

@ 2.5 billion people in developing 
countries do not have proper 
sanitation compared to the 1.9 billion 
who do. 

@ More than half of African countries and 
more than one quarter of Asian 
countries lack access to proper 
sanitation. 


Health issues 

@ The lack of sanitation in many 
countries has severe implications 
for health. 

@ Poor sanitation means that sewage and 
garbage remains near habitations and 
in urban areas. 

e@ This encourages the spread of such 
diseases as cholera, typhoid, diarrhea, 
and intestinal parasites. 

@ Each year around 1.8 million people 
die from diarrheal diseases (including 
cholera); 90 percent are children 
under five years old. 


Investment in sanitation 

@ Major investment is needed to provide 
effective sanitation for towns and cities 
by improving local infrastructure. 

@ A massive investment in facilities is 
required to achieve global access to 
sanitation, especially in the poorest 
countries. 


© Diagram Visual Information Ltd. 


© Diagram Visual Information Ltd. 


mevumanercroer | Wellbeing of nations: 1 


Key words : 
bt Mak The Wellbeing Index 

biodiversity Countries are ranked in order of the Wellbeing Index. 

conservation Small island nations and others with insufficient data are omitted. 

World 0: ranking Cb) country 6 wellbeing human wellbeing ecosystem wellbeing 
Conservation = joint) index points index points index points 
come oo! e600 00 8=8=8©0 00 

Wellbei f ti Sweden 64.0 Mauritius 49.0 
In nation 
ee 2 : = oe Finland 62.5 81 44 47 Benin AION W278 Wl 
e@ A method of assessing quality of living, 

giving equal weight to people and the Norway G2255 SZ 48 Costa Rica 48.5 56 41 

environment, was used in the Iceland Gils | EO 49 Sri Lanka 48.5 | 40 57 

Wellbeing of Nations Report, most Austria 61.0 80 50 Bolivia 48.5 34 63 

recently published in 2001 by the - 

d ! 7 1 Est 48.0 62 34 

World Conservation Union (IUCN). esl zs B05) (78 2 shail 

@ The survey ranked 180 countries by Switzerland 60.5 78 52 Fiji 48.0 50 46 

measuring human development and Belize BLOM oe 53 ‘Belarus 48.0 46 50 

eran nial eon scevanO?. Guyana 57.0 51 54 Poland 475 65 30 

H 1 h f 

e Human development ahd Westie) Uruguay 56.5 61 55 Argentina 475 55 40 
the environment were awarded points as 

by looking at indicators such as Germany ASS) 7/7/ 56 Dominican Rep. 475 49 46 

wealth, education, freedom, and Denmark 56.0 81 58 Korea, South AO) | Gu) | 27 

biodiversity. | New Zealand 55.5 73 59 Barbados 47.0 62 32 

The results UME 5150) I y2 60 ssl Verde 47.0 47 47 
e The study found that most countries Latvia 54.0 62 61 Spain 46.5 73 20 

enjoying high standards of living are Ireland 54.0 76 62 Samoa 46.5 43 50 

placing undue pressure on the Australia 53.5 79 63 Nepal 46.0 28 64 

niece ae . Peru 53.0 44 64 Croatia 45.0 57 33 

@ Four billion people live in countries 
with a poor level of human Slovenia IyeH0) 7A 65 Russian Federation 45.0 48 42 
development. Lithuania B25) | Gil 66 Gabon 45.0 28 62 
e@ Fewer than one billion people live in Cyprus 52.5 67 67 Bulgaria 44.5 58 31 
i ith a fai 

ee UO Tes wlth altel: OE good Standard Japan 52.5 80 68 Jamaica 44.5 54 35 

of living. 

@ No country is sustainable or even close United States 5220) 7s, 69 Panama 445 52 37 

to sustainability. Italy 52.0 74 71 Georgia 445 48 41 

eis ounce (oresiy in France 52.0 75 73 Venezuela 44.5 43 46 

E North America) have high 
Mrope aad Nowa Mnenca have Bis Czech Republic 51.5 70 74 Macedonia, FYR 44.0 46 42 

standards of living but excessive = 

impacts on the environment. Greece eile) 740) WS Namibia 440 34 54 

@ About 27 countries (mostly in Africa) Portugal Bis § 7/2 76 Togo 43:58 P2le IGG 

have low demands on the United Kingdom 51.5 73 77. Congo, Republic 43.5 15 72 

i 1 : 
enyHOnMenU UL ate desperately oo! Belgium 51.5 80 79 Chile 42.5 55 30 
@ The report suggests that a high - 

standard of living is possible without Botswana SEOs eS4 80 ~~ Trinidad & Tobago 42.5 53 32 

ruining the environment if countries Slovakia SONS F Gil 81 Colombia 42.5 43 42 

change the way they pursue Luxembourg 50.5 77 82 Cuba 42.5 40 45 


development. 


Armenia 50.0 45 84 = Malta 42.0 70 14 
Netherlands bolo] B7S 85 Israel 42.0 59 25 
Ecuador 49.5 43 86 Albania 42.0 38 46 
Mongolia 49.5 39 87 Indonesia 42.0 36 48 
Singapore 49.0 66 88 Malawi AVA) § 22 | G2 
Hungary 49.0 65 89 Egypt 41.0 39 43 


Wellbeing of nations: 2 THE HUMAN FACTOR 


Key words 


The Wellbeing Index (continued) 


ecosystem 


O ranking © country © vellbeing © human wellbeing © ecosystem wellbeing 


joint) index points index points index points 


oo  oe000 £600 


El Salvador 41.0 Tanzania 36.0 
91 Central African Rep 41.0 16 66 133. — Nigeria 36.0 56 
92 Brazil 40.5 45 36 134 Chad 36.0 59 


Highest scoring countries 


@ Sweden, Finland, and Norway are the 
93 Paraguay 40.5 35 46 135 Congo, Dem. Rep. 36.0 65 top three countries on the comparison 


94 Lesotho 40:55 24 57 136 South Africa 35.0 27 of national wellbeing table, each with 
95 Guinea 40.5 15 66 137 Azerbaijan 35.0 28 scores above 60 points. 
@ One of the reasons for the high 

96 Bhutan 40.5 14 67 138 Iran 35.0 52 : or 
scoring of Sweden is its 
97 Romania 40.0 50 30 139 Myanmar Ela(0) 49 comprehensive welfare system that 

Kyrgyzstan 40.0 38 42 140 Eritrea 35.0 60 provides free schooling, childcare, 

Malaysia 395 46 33 143. Kenya 34.5 51 healthcare, pensions, care for the 

; eS aR 345 57 elderly, and social services. 

Tueeplavia one 3 wanda 2 @ This boosts the human wellbeing 
Cameroon Soon ele od 145 ~— Sierra Leone 34.5 63 index score and gives a high overall 
Guinea-Bissau 39.55 13 66 146 Morocco 34.0 32 result even though the ecosystem 
Honduras 39.0 33 45 147 Tajikistan 33.5 39 wellbeing score is below that of some 


other countries. 
Swaziland 39.0 24 54 148 Guatemala S55) 44 ee 


@ Sweden’s “cradle to the grave” 
Zimbabwe 39.0 23 55 149 Niger 33.5 56 approach to the welfare of its citizens 
Djibouti 3910) B18) Feo 150 Mexico 33.0 21 is the key to its high ranking. 


Gambia SHO) FS | 2 151 Jordan 33.0 28 


Developing nations 
Laos 39/0) H15y 6s 152 Uzbekistan 33.0 30 


@ Some developing nations, for example 
Lebanon Sih) CO) F Si 154 Yemen 33.0 51 Belize and Guyana, appear high up on 
Nicaragua 38.5 28 49 155 Mozambique 33.0 55 the comparison of national wellbeing 
Vietnam 38.5 28 49 156 Burundi 33.0 60 table. 

: 5 is Wali 35 mE @ These countries do not have a 
Geinbedie S29) yee 2 a i standard of living close to that of 
Cote d'Ivoire Sie}15) | 20) 160 China 32.0 28 Sweden, Finland or Norway. They do 
Ethiopia S35) pls 164 Libya 31.0 24 however have high ecosystem 


Philippines 38.0 44 165 Turkmenistan 31.0 30 wellbeing scores that compensate for 
the lower human wellbeing scores and 
Tunisia 38.0 44 166 Haiti 31.0 43 


Moldova 38.0 | 41 167 Pakistan 31.0 44 
Kuwait 375 50 168 Ghana 30.0 38 Lowest scoring countries 


Kecakhsion 375 1GOMEOMan 29.5 28 @ Some lower scoring countries on the 
table are India with 29, Uganda with 
27, and Syria with 26.5 points. 
Burkina Faso SED 171 Sudan 29.5 46 e There are many reasons why some 


increase their overall points. 


Papua New Guinea 37.5 170 ~=Zambia ZS) 5) 43 


Angola SBS) 172 ~~ India 29.0 27 countries have very low wellbeing 


Madagascar 37.0 173. United Arab index scores, including war, poverty, 


; political instability, and oppressive 
Senegal 37.0 Emirates 28.5 16 


Thailand 36.5 174 ~—- Mauritania FASS) 40 
Ukraine 36.5 176 = Saudi Arabia 27.0 23) 
Turkey 36.5 177 ~— Uganda 27.0 44 
Algeria 36.5 179 Syria 26.5 23) 
Bangladesh S045) 180 Iraq 25.0 31 


regimes. 


© Diagram Visual Information Ltd. 


© Diagram Visual Information Ltd. 


mevumanescroer | GlObal municipal waste 


Key words Municipal waste 


GDP : Total amounts generated 
per capita in thousand tons 
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recycling 


48,836 


Increasing municipal waste 

@ In 2004, the global total of municipal 
waste generated was two billion tons, 
an increase of seven percent on 2003. 

@ In general, more affluent societies 
generate more municipal waste than 
less affluent societies. 

eA 40 percent increase since 1980 in the 
GDP of countries belonging to the 
Organisation for Economic Co- 
operation and Development (OECD) 
has been accompanied by a 40 percent 
increase in municipal waste. 


Social trends 


= 
% 
@ Certain social trends, such as an 
increase in single-person households 
and aging populations, leads to higher 
@ 


per capita waste. 

@ Many people in developed nations, 
especially in cities, demand pre- 
packaged foods for convenience, 
further adding to the waste problem. 


Recycling 

@ The level of recycling in industrialized 
countries is still very low and is not 
keeping pace with waste increases. 

@ The countries that recycle the most 
are Switzerland with 40 percent and 
Austria with 20 percent. 

@ Switzerland recycles more than 


200 


80 percent of its glass. The United 
States and Canada recycle only 
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International aid 


Major donor countries 
ODA given = more than $1 billion in 2004 
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Economic aid 

e@ Many of the more affluent countries of 
the world now routinely give aid in the 
form of economic and humanitarian 
assistance to poorer countries. This is 
known as Official Development 
Assistance (ODA). 

@ This assistance is used to help relieve 
national debt, to assist with 
development, or to provide aid after a 
natural or man-made disaster. 

e By relieving some of the financial 
burden on poverty-stricken countries, 
aid may allow these countries to invest 
more time and money in their 
environmental health, something of 
low national priority. 


Use of resources 

e@ The more developing nations stay in 
debt, the more they will be forced to 
use their environmental resources 
unsustainably. 

e@ A country in debt is also less able to 
spend money on improving 
infrastructure: social, educational, 
health, environmental, and 
employment programs all suffer 
as a direct result of debt. 


NGOs 


@ There are also many non- 
governmental organizations (NGOs) 
that provide international aid. 

@ NGOs such as CARE and Oxfam work 
toward providing aid to needy people 
in developing countries. 

e@ Often, they concentrate their efforts in 
specific areas such as helping children, 
providing safe water, or helping to 
distribute food during famine or war. 
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ODA donor countries 

@ Official Development Assistance 
(ODA) refers to aid from the 
governments of the wealthy nations, 
and does not include private 
contributions or investments. 

@ The main objective of ODA is to 
promote development in poor 
countries. 

@ It is seen by some as a measure of the 
priority that governments give to 
helping others. 


Agenda 21 


@ In 1992 the world’s governments met 
at the Earth Summit in Rio de Janeiro. 

@ A program called “Agenda 21” was 
adopted, to be directed by the United 
Nations. 

@ Within this program an ODA aid target 
of 0.7 percent gross national income 
(GNI) was set for rich nations. 

@ Even though 22 countries signed up to 
these targets and agendas, almost all 
of them have consistently failed to 
reach the agreed target. 

@ For many countries, the amount of aid 
has been around 0.2-0.4 percent (or 
around $100 billion) short of the 
pledge. 

@ In 2004 only five countries had given 
0.7 percent GNI or more: Denmark, 
Luxembourg, Netherlands, Norway, 
and Sweden. 


Percentage of GNI 

@ As a percentage of GNI, the United 
States has almost always given less 
than any other industrialized nation, 
although in actual amounts it is the 
biggest donor. 

@ For years Japan was the world leader 
in aid provision, though the amount it 
donates has dropped recently. 


Official development 
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Debt repayments 
@ Each year, the developing world 


gives Western countries nine times 
more in debt repayments than it 
receives in aid. 

@ Heavily indebted poor countries are 
caught in a downward spiral of debt 
service, which diverts resources away 
from economic development. 

e@ Forced to meet the debt repayments, 
countries sacrifice health, education, 
and environmental programs. 

e Africa spends four times as much on 
debt repayments as on healthcare. 


Environmental pressures 

e@ Countries with large debt burdens put 
more pressure on the environment as 
the need to generate money to pay 
debts increases. 


Debt relief program 

@ The Heavily Indebted Poor Countries 
(HIPC) Initiative was launched in 1996 
with the aim of ensuring that no poor 
country faces a debt burden it cannot 
manage. 

e@ The World Bank and the International 
Monetary Fund (IMF) have identified 
42 countries as having unsustainable 
debts. 

e Of these countries, 13 are affected by 
conflicts. 

@ By 2004, debt relief packages were 
approved for 27 countries, 

23 of them in Africa. 

@ To relieve the debt of the 20 worst 
affected countries would cost between 
$5.5 billion and $7.7 billion. This is less 
than the cost of development of a 
single Stealth Bomber. 
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Narmada Valley project 

@ The Narmada Valley Development 
Project started in the 1960s and is the 
single largest river development 


scheme in India. 

@ It is one of the largest hydroelectric 
projects in the world and involves the 
construction of more than 3,000 dams 
of various size. 

@ It is likely to displace a total of around 
1.5 million people from three states 
(Gujarat, Maharashtra, and Madhya 
Pradesh). 

@ Environmentalists believe that the cost 
to the environment will be huge. 


Sardar Sarovar 

@ The Sardar Sarovar dam is the largest 
single dam under construction with a 
proposed height of 360 feet (110 m). 

@ If completed, the dam will flood more 
than 91,400 acres (37,000 ha) of forest 
and agricultural land, displacing up to 
half a million people. 


Displacement 

@ Many of those affected by the project 
are tribal people (Adivasis and Dalits). 

@ Most will not get compensation for 
resettlement and rehabilitation 
because the government views their 
occupation of the land as illegal. 

@ People who live downstream and 
whose lives are affected are not 
entitled to any compensation. 


Controversial project 

@ The Narmada project continues to face 
increasing opposition both at home 
and abroad. 

@ The World Bank, which originally 
supported the project, withdrew its 
funding after an independent review. 


Environmental refugees: 
Narmada Valley 
development, India 
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Environmental refugees: 
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Indonesia 


Displaced persons throughout Indonesia 
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A total of 1.2 million people were 
displaced by 2001, including 
many displaced by conflict as 
well as those forcibly resettled. 
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Conflict 


e@ Since 1999, serious conflicts and 
population displacement have 
occurred in the Moluccas, Kalimantan, 
Sulawesi, Aceh, Timor, and Irian Jaya. 

e@ The problems have been exacerbated 
by Indonesia’s political and economic 
crisis. 

@ The conflict in each of these regions 
has been fueled by resentments 
stemming from Indonesia’s former 
policy of relocations, under which 
residents of Java and other heavily 
crowded islands were forcibly moved 
to less populated areas. 


Relocation 

@ The relocation program forced 
indigenous people in areas receiving 
immigrants to cede social and 
economic rights such as traditional 
rights to land, water, and other natural 
resources in favor of the migrants. 


The result 

e@ In 2001, there were more than 
1.2 million Internationally Displaced 
Persons (IDPs) throughout Indonesia. 

@ These included at least 460,000 IDPs in 
the Moluccas, more than 179,000 in 
Sulawesi; up to 18,000 in Aceh, and 
more than 42,000 Acehnese IDPs in 
other areas of North Sumatra. 

@ Instability in the region continued into 
2005, and shows no signs of ending. 


Tsunami 

@ The tsunami that devastated Aceh in 
December 2004 has further added to 
the problems there by making more 
people homeless. 
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Severe drought 

@ Several years of intermittent rains 
resulted in poor harvests and have 
produced a severe drought in the 
Horn of Africa. 

@ The drought, which by 2005 was in its 
sixth continuous year, has affected 
millions of people throughout the 
region. 

e@ Worst hit is southern and eastern 
Ethiopia, southern Somalia, and 
northern Kenya. 

@ Other countries affected by the 
drought include Eritrea, Djibouti, 
and Sudan. 


Consequences of drought 

@ The drought conditions have resulted 
in a serious deterioration of food 
security, the loss of livestock and 
agriculture, and decreased 
livestock prices. 

@ Migration and cross-border 
movements have further strained 
resources, as people search for 
additional pasture and external 
assistance. 


Increased competition 

@ Decreased and limited resources have 
led to increased tensions and 
competition in many drought-affected 
areas. 

@ The drought-affected populations by 
country in 2001 were: ten million in 
Ethiopia; 2.2 million in Kenya; 750,000 
in Somalia; 335,000 in Eritrea; and 
150,000 in Djibouti. 


Appeal for aid 

@ In 2004, the president of Kenya, Mwai 
Kibaki, declared a national disaster in 
parts of the country. 

@ He appealed for $118 million in 
emergency aid to help feed 
approximately 3.3 million Kenyans 
facing food shortages. 
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Genocide in Rwanda 
@ The Rwandan genocide (1994) sparked 
massive population shifts in the 


country and across the Great Lakes 
Region (GLR). 

@ Millions of people became displaced 
and scattered in the wake of the mass 
murders and displacement caused by 
the conflict. 

@ The landscape of human settlement 
was consequently completely altered. 


After the conflict 

@ Following the horrific events in 
Rwanda, the GIR is still affected by the 
ongoing wars in Burundi and the 
Democratic Republic of the Congo 
(DRC, formerly Zaire). 

@ Most of the 1.2 million Rwandans who 
left their country for Zaire or Tanzania 
at the time of the conflict have 
returned, though tens of thousands 
are still refugees. 


Displaced people 

@ At the end of 2001, approximately one 
million people from the region were 
refugees, and a further three million 
were displaced within their own 
countries. 

@ Many people have been displaced as a 
result of the ongoing conflict in the 
DRC, as well as those who are refugees 
from ethnic persecution in Rwanda 
and Burundi. 


Returnees 

@ Many of the refugees have managed to 
return home but have not received 
any land or help. 

@ Most of the returnees are the poorest 
in their communities, without access 
to shelter, healthcare, or education 
for their children. 
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Progress at the price 

@ There has been much progress in 
feeding the world in the last 30 years. 

e@ However, the intensification of 
agriculture has had a profound impact 
on the environment. 


Food shortages 

@ The UN Food and Agriculture 
Organization (FAO) estimates that total 
food production will grow at about 1.5 
percent per annum over the next 30 
years, ahead of the expected 
population growth of 1.3 percent per 
year. 

@ Despite this, about 800 million people 
still go hungry every day because food 
is not available where it is most 
needed. 


Food imports 

@ Developing nations will become 
increasingly dependent on imports of 
certain foods. 

@ Net cereal imports are expected to rise 
from 107 million tons in 1995-97 to 
270 million by 2030. 


Overfishing 

@ Average world consumption of fish per 
person could grow from 35 pounds 
(16 kg) per year in 1997 to 
41-44 pounds (19-20 kg) by 2030. 

@ This would raise the total food use of 
fish to 150 million tons per year. 

@ The sustainable yield of marine 
creatures is currently estimated 
at only 100 million tons. 


Water 


@ Freshwater sources are dwindling or 
becoming contaminated throughout 
the world. 

@ There is currently 500 billion cubic 
feet (14 billion m3) of freshwater 
available for human use annually, but it 
is very unevenly distributed, with two 
thirds of the population receiving only 
one quarter of its rainfall. 


Food and water supply 


Countries with food supply shortfalls, 2004 


Trend of net cereal imports in developing countries 
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Domestication of food 

plants 

@ Of 270,000 plants known to exist, 
only 7,000 have ever been cultivated 
as food. 

@ Of those 7,000, only 120 are widely 
cultivated today. 

@ Of these 120, nine species provide 
75 percent of human food and 
21 species provide 20 percent. 


Genetic diversity 

e Crop genetic diversity is disappearing 
from fields at an estimated 1—2 percent 
per year. 

@ Many of the traditional plant varieties 
can now be found only in gene banks. 

@ The ability of different plant varieties 
to grow in different conditions 
depends on their genes. 

e@ Some plants are better able to 
withstand drought, grow on poor soil, 
resist insects and disease, or prosper 
in local environments or under global 
warming. 

@ As the genetic diversity of food crops 
decreases, they become more 
susceptible to disease, attack from 
insects, or changes in environmental 
conditions. 


Corn 

e@ Corn probably originated in Central 
America or Mexico, where it has been 
cultivated for more than 5,600 years. 

@ The wild corn plant, from which 
present-day varieties have arisen, no 
longer exists. 


Wheat 


@ Wheat probably originated in the 
Middle East, and is currently grown 
on more land area worldwide than 
any other crop. 

@ Primitive wheat relatives have been 
found that date from 9,000 years ago. 
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Potato and potato blight 

@ Potatoes originated in the Andes 
mountains of Bolivia and Peru, 
and have been cultivated for at 
least 2,400 years. 

@ The potato was taken to Europe in the 


sixteenth century and was cultivated 
heavily in Ireland, quickly becoming 
the staple food. 

@ Potato blight in Ireland caused by a 
fungus spread through the crop, 
causing it to fail in successive 
harvests in 1845-49. 

@ This resulted in famine and mass 
emigration. 


Cassava and the mealybug 

@ Cassava originated in Brazil and 
Paraguay and is grown for its enlarged 
starch-filled roots, which are eaten 
much like potatoes. 

@ Cassava cannot be eaten raw because 
of the toxic levels of cyanide it 
contains. 

@ Today it is the staple food in most of 
sub-Saharan Africa, providing up to 
half the daily calories of 200 million 
people. 

@ In the 1970s an insect called the 
cassava mealybug threatened to 
destroy much of the African crop. 

@ The mealybug was eventually 
controlled by a species of wasp that 
uses the mealybug as a host for laying 
its eggs. 


Rice 

@ Rice probably originated in northern 
Thailand or southern China around 
4000 BCE. 

@ It is by far the most important food in 
the world, and has fed more people 
over a longer period of time than any 
other crop in history. 


Food crops 
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Coffee 


@ The coffee bean was discovered in 


eastern Africa about 1,000 years ago. 

@ As a drink, it quickly spread around 
the world as a luxury commodity and 
stimulant. 

@ Today, coffee is a global industry 
employing more than 20 million 
people. 

@ In many tropical countries, natural 
habitats are being destroyed to grow 
cash crops such as coffee. 


Cotton 

@ Cotton can be traced back to East 
Africa, Western Asia, and South 
America circa 3200 BCE. 

@ It is the fruit of a shrubby plant called 
the cotton plant. 

@ Cotton production and trade are very 
important to many poorer countries. 

@ Of the 85 cotton-producing countries 
in the world in 2005, 80 were 
developing nations. 


Pepper 

@ Pepper originated as a spice almost 
3,000 years ago in India. 

@ It quickly became very valuable, and 
during the Middle Ages, was worth 
more than its weight in gold, and was 
sometimes used as currency. 

@ Today it is still one of the most widely 
traded spices in the world, making up 
around 25 percent of the spice trade. 

@ It is grown only in a few countries 
within 15 degrees of the equator. 


Rubber 


@ Rubber is made from latex, which is 
the sap of various plants, most notably 
the rubber tree. 

@ It is thought that rubber originated 
with the Mayan people of South 
America who used the latex to make 
rubber balls and bindings for tools. 

@ Today, most rubber is synthetic, 
although the natural product is still 
produced in Southeast Asia. 
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Domestication of animals 


@ Humans have domesticated animals 
using selective breeding for thousands 
of years. © Turkey 

@ Domesticated animals such as sheep, 
horses, chickens, and cattle are used 
for food or to help with production 
and transport. 


North Africa 


@ Domestication arises when humans 
interact sufficiently with an animal 
species to have a direct influence on 
how they breed and how they survive. 

e Different animals have been @ Llama @ Chicken 
domesticated at different times in 
history. 


The sheep 

@ Present-day sheep breeds originated in 
Mesopotamia (now Iraq). 

@ They all have a common ancestor, the 
mouflon, which still lives in the wild in 
Europe. © Camel 

@ It is thought that sheep farming for 
wool, a renewable source of clothing 
and trade, is humanity’s oldest 
industry. 

@ Sheep are also kept for their meat. 


The horse 

@ The horse was domesticated around 
6,000 years ago in Central Asia. 

@ Since then it has been used extensively 
all over the world for transport, 
warfare, and food. 

@ The Przewalski wild horse from 
Mongolia is the only true wild horse. 
All domesticated horses are descended 
from it. 

@ It became extinct in the wild in the 
1960s, but was reintroduced in small @ Horse 
numbers in the 1990s. 
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Vavilov Centers 

@ Some areas of the world have been 
identified as prime locations for the 
preservation of the genetic diversity 
of crops. 

@ These regions are known as Vavilov 
Centers of Diversity after Nikolai 
Ivanovich Vavilov (1887-1943), the 
Russian botanist who first described 
the patterns. 

@ The Vavilov Centers are important 
because they contain different varieties 
of crops in the field. 


Center characteristics 

@ The centers of crop diversity are 
characterized by a long agricultural 
history, ecological diversity, 
mountainous terrain, cultural diversity, 
and a lack of heavy forest cover. 

@ The crop centers are not necessarily 
located where the crop originated or 
was first domesticated, but where the 
crops are most diverse today. 

e@ Wheat and barley were domesticated 
in southwest Asia, but a current center 
of their diversity is in Ethiopia. 


Different crops 

@ The different Vavilov Centers were 
chosen to represent different crop 
types after numerous collecting 
expeditions to those locations. 

@ Ethiopia was explored by Vavilov in 
1927 and was established as an 
important area and center of origin 
and variety for coffee, barley, sorghum, 
and millet. 

@ China was recorded as the earliest and 
largest independent center. 

@ It was credited with important millets, 
soya beans, and sorghum—with 136 
species listed altogether. 
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Arable land change 

@ As the world population and the global 
economy grows, ever more land is 
cleared, drained, or irrigated for cash 
crops or livestock. 

e@ The extension of arable land has been 
a response to fast-growing 
populations, with food production 
the main driving force. 


Increasing cultivation 

@ The 60 years from 1860 to 1920 saw 
more than one billion acres 
(440 million ha) of land 
brought under cultivation, 
an area larger than India. 

@ Most of this took place in North 
America and the Soviet Union. 

@ A similar scale of transformation took 
place in the subsequent 60 years, from 
1920 to 1980. 

@ By this time much of the potentially 
productive temperate lands of the 
Northern Hemisphere were occupied 
and the rate of population growth was 
slowing. 

e@ The new “frontier lands,” where 
population growth rates remained 
high, were in Africa, South Asia, and 
South America. 


Urban land change 

@ The second half of the twentieth 
century saw an unprecedented 
covering of the landscape with 
concrete and macadam. 

@ This process continues to destroy and 
displace wildlife and causes major 
disruption to rivers and drainage by 
preventing natural seepage. 

@ Mining, industrial development, and 
urbanization have also contributed to 
the transformation of natural 
ecosystems into human landscapes. 
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Converting land to 

farmland 

@ New land for arable farming is usually 
obtained through deforestation or the 
conversion of grazing pastures. 

@ In some areas of the world, huge tracts 
of land have been converted to 
farmlands. 

@ The largest areas of pastures 
converted to cropland have been in 
the Great Plains of the United States, 
the South African veldt, the Russian 
steppe, and the forests and pampas of 
Brazil and Argentina. 

e@ With the potential for new 
colonization reduced in much of the 
world, farming has increasingly 
invested in intensification by an 
increased use of fertilizers, high-yield 
seeds, and machinery. 


South American soybean 

@ Massive areas of land in South America 
are currently undergoing conversion 
to grow soybeans. 

@ Areas of natural forest, pampas 
grassland, and grazing pastures in 
Brazil, Argentina, Bolivia, Uruguay, and 
Paraguay have been converted and 
cleared to grow the crop, most of 
which is to be exported to China. 

@ It is thought that by 2020 South 
America could be the world’s leading 
producer of soybean. 

e@ Some of the land has been seized 
illegally and it is estimated that 
15.5 million acres (6.3 million ha) of 
Argentine chaco could disappear over 
the next 15 years. 

@ Also, the soybean boom is responsible 
for the clearing of rainforest in parts of 
Brazil. 

@ Poor local farmers stand to gain little 
from soybean production, as it 
requires large tracts of continuous 
land to be grown efficiently. 


Land use categories 
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Total world land area of use to agriculture and forestry 20,739 million acres (8,393 m ha) 


Mr / °ermanent Mf vervianent ZH ‘orest and y, unusable 
—— — — — e 


land pasture crops* woodland =—~ (e.g., desert) 


*Crops that do not have to be resown each year. 


Percentage regional land use, 2000 


North America 4,628 million acres (1,873 m ha) 
24% 14% 1% 12% 49% 


yf hf Cf _"_**_ 


Latin America and the Caribbean 4,986 million acres (2,018 m ha) 


47% 30% 1% 7% 15% 


y Src $6 lcLUvYvhUhULUCUCUlUVVV CLC 


Europe** 5,584 million acres (2,260 m ha) 
40% 8% 1% 14% 37% 


ky a oy 


Africa 7,324 million acres (2,964 m ha) 
17% 30% 1% 6% 46% 


ys rl lellU—5—$k —— 


Asia 7,623 million acres (3,085 m ha) 
15% 34% 2% 16% 33% 


y  / {fii 


Oceania 2,097 million acres (849 m ha) 
11% 51% 0.3% 7% 30.7% 


yo CUCU Lf TC, 


**Including Russia, where most of Europe’s forest is found. 


Plant species used for 


food 


Percentage of species of plant germ plasm uncultivated 


millet 


Germ plasm (reproductive tissue) of nutritionally important 
crops held by international centers 


thousands 


Germ plasm held 


130 


120 


110 


100 


90 


80 


70 


60 


50 


40 


30 


20 


git: 
nde 


90-95% 


cassava 


soybean 


FOOD AND WATER 


Key words 


gene bank 
genetic diversity 


Important crops 


@ The world currently uses only a small 


fraction of the available plants for 
food. 

e@ The most important food crops are 
rice, wheat, maize, sorghum, millet, 
potatoes, soybean, yams, and cassava. 


Diversity of crops 

@ For thousands of years, farmers have 
bred new crop varieties and tailored 
their farming methods to maintain 
both a food supply and the fertility of 
their land. 

@ The result was a huge diversity of plant 
varieties and farming methods. 

@ Today, there are many considerations 
facing a producer who is choosing 
which crop variety to grow. 

@ The variety chosen depends on factors 
such as the location, year, time of 
seeding, disease pressure, soil 
conditions, temperature, weed 
control, precipitation, and fertility. 


Lost diversity 

@ In the drive to standardize on a few 
high-yielding crop varieties, much 
diversity was lost from farms and 
genebanks, though this trend is 
now reversing. 

e Around 70 percent of wild rice species 
and 90 percent of wild millet and 
sorghum species have yet to be 
collected and stored in genebanks. 


Human diets 

@ The diets of human populations can 
be placed in three main dietary 
groups: grain eaters (the vast 
majority); root crop or plantain eaters; 
and meat and dairy produce eaters. 

@ With so much of the world’s 
population relying heavily on grains 
and other crops, it is essential to 
maintain genetic crop diversity for 
successful future farming. 
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Increasing food output 

@ Over the past four decades, the rate of 
worldwide food production has 
increased faster than the rate of world 
population growth. 

@ Gains in food availability have been 
greatest in the developing world, 
where the Green Revolution enabled a 
rise of 38 percent between 1961 and 
1998 to 2,660 calories per person daily. 


Cereal production 

@ Not all food output has increased: 
world cereal production per person 
has declined since 1984. 

@ This decline has been due to 
reductions in the area of cereal 
cropland under cultivation, particularly 
in the United States. The primary 
reason for this reduction has been 
the low world price of cereals in 
recent years. 


Increasing demands 

@ By 2020, global demand for cereals is 
projected to increase by 41 percent 
and for meat by 63 percent. 

@ Much of the increase in demand is 
expected to occur in developing 
nations. However, in these nations 
food production is unlikely to keep 
pace with the increases in demand. 


Unequal balance 

@ The developed world, with only a 
quarter of the world’s population, 
still consumes around 49 percent of 
the world’s agricultural products, 
partly because it converts more grain 
to meat. 

@ Even so, differences in food availability 
within the developing world are now 
greater than those between typical 
developed and developing nations. 


World food output 


Food production 


Meat, 2004 
10 


Asia 

Europe 

North America 
*Latin America 
Africa 


Oceania 


Cereals, 2004 


20 


million tons 


30 40 50 60 70580.) 907 1005 120 


million tons 


10) 100 200 300 400 500 600 700 800 900 1,000 1,200 


Asia 

Europe 

North America 
*Latin America 
Africa 


Oceania 


Pulses, 2004 


Asia 

Europe 

North America 
*Latin America 
Africa 


Oceania 


Roots and tubers, 2004 
0 


Asia 

Europe 

North America 
*Latin America 
Africa 


Oceania 


million tons 
40 


million tons 
300 350 


*Latin America includes Caribbean 


The costs of modern 
agriculture 


Environmental impacts of intensive farming 
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loss of diversity. 


Deforestation leads to shortages 
of wood for fuel. 


Overcropping and overgrazing leads 
to soil erosion. 


Demands on water resources for 
irrigation destroys soil by salinization. 


Population growth leads to smaller 
plots and more intensive farming. 


Large-scale farming causes a loss of 
plant and animal genetic diversity. 
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Environmental impacts of 

intensive farming 

e@ Modern agriculture causes massive 
environmental damage through soil 
erosion, deforestation, pollution, 
and loss of plant and animal 
genetic diversity. 

e Supplies of land, water, and firewood 
are shrinking in many regions. 

e It is estimated that by 2020, Southeast 
Asia will have less than 2.5 acres (1 ha) 
of arable land per person. 

e Experts believe that in the near future, 
300 million people, mainly in North 
Africa, will face water shortages due 
to agriculture. 

e Already, an estimated 130 million 
Africans live in areas where fuelwood 
consumption outpaces the 
regenerative capacity of their forests. 


Reducing the impact 

@ It is possible to increase food 
production while protecting the 
environment. 

e@ This requires production systems that 
can increase productivity while 
reducing pollution and resource 
degradation. 

@ Many countries, mostly in the 
developed regions, now routinely use 
some ecologically sound techniques. 

@ These include biological control of 
pests, agroforestry, biogas digesters, 
and improved irrigation management. 

e The sustainable use of natural 
resources must also be socially and 
economically viable. 
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Large losses of grain crops 

@ It is estimated that in developing 
nations, post-harvest losses of food 
grains from spoilage, pest infestation, 
and mishandling is about 25 percent. 

@ This means that one quarter of grain 
produced never reaches the 
consumer, and the money spent 
producing and harvesting it is wasted. 


Modern harvesting 

methods 

@ In developed nations crops are 
harvested using modern machinery to 
maximize gains and minimize damage. 

@ Harvested crops can then be stored, 
transported, and distributed using the 
latest technology to avoid spoilage 
from disease or pests. 

@ Many developing nations do not have 
this technology or up-to-date 
information and consequently some 
estimates put losses of sweet potatoes, 
plantain, tomatoes, bananas, and citrus 
fruit as high as 50 percent. 


Perishing crops 

@ Fruit, vegetables, and root crops 
perish quickly after harvesting. 

@ This process is accelerated if proper 
care is not taken during their 
harvesting, handling, and transport. 

@ Farmers in developing nations may not 
be able to sell their damaged produce 
easily, or they may be forced to sell at 
a reduced price. 

@ Reducing losses by following some 
basic rules helps to increase 
productivity: fruit and vegetable crops, 
for example, should be harvested in 
the morning. 

@ In the morning, when the dew has 
evaporated, there is less sunlight and 
the crop is firmer with fewer insect or 
disease pests. 


Post-harvest losses 


Post-harvest losses 


Physiological deterioration 
Physiological deterioration can be } 
caused by extremes of temperature, ¥ 
atmospheric modification, or 4) 
contamination. This may cause 
unpalatable flavors, failure to ripen, 
or other changes in the living 
processes of the produce, making it 
unfit for use. 


Mechanical damage 
Mechanical damage can result from 
the careless handling of fresh 
produce,causing internal bruising, 
splitting, or skin breaks, thus rapidly 
increasing water loss and the normal 
rate of physiological breakdown. Skin 
breaks also provide sites for infection 
by disease organisms and fungi, 
causing decay. 


Diseases and pests 
All living material is subject to attack 
by parasites. Grain is often eaten 
by rodents. Fresh produce can become 
infected before or after harvest by 
diseases widespread in the air, soil, 
and water. Some diseases are able 
to penetrate the unbroken skin of 
produce; others require an injury 
in order to cause infection. 
Damage so produced is probably 
the major cause of loss of 

fresh produce. 


Transportation 
Transportation can often 
speed deterioration 
through vibration and 
exposure to heat or cold. 


Treatment 

Careless harvesting and 
handling can add to loss. 
Some crops need to be stored 
at a constant temperature 

to “cure” them, or sprayed 
with fungicide to prolong 
their shelf life. 


Problems of overfishing 
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Scale of overfishing 


e@ The world marine catch stands at 


about 100 million tons per year. 

@ One quarter of this is “cheap fish” 
such as pollock, jack mackerel, 
and pilchards, most of which ends 
up as animal feed. 


By-catch 

e@ About 27 million tons of the annual 
marine haul is by-catch—unwanted 
fish caught with the target species— 
due to the widespread use of 
unselective fishing equipment and 
techniques. 

@ In the Gulf of Mexico, nine pounds of 
dead fish are discarded for every 
pound of saleable shrimps caught. 

@ The by-catch death toll also includes 
whales, dolphins, turtles, sharks, and 
sea birds that die after becoming 
entangled in nets or lines. 


Collapsing fisheries 

@ Many of the world’s fisheries are being 
overfished and some have collapsed. 

@ The collapse of cod stocks off 
Newfoundland in 1992 forced the 
closure of the fishery. More than 
40,000 people lost their jobs. 


Linked to population 

@ More and more people around the 
world rely on fish as a food source. 

@ More than one billion people in Asia 
depend on ocean fish for protein, 
as do one in five Africans. 


Government subsidies 

@ Government subsidies have allowed 
national fisheries to grow to the point 
where they are not sustainable. 

e@ The World Wildlife Fund (World Wide 
Fund for Nature, WWF) estimates that 
Europe alone has 40 percent more 
boats than it needs. 
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Advanced technology 

@ Fishing techniques today use modern 
technologies. 

@ Fishing-radar, sonar, and global 
positioning systems (GPS) allow great 
efficiency in finding and then catching 
all the fish in a stock. 

e@ Modern net designs scour the seabed 
of all living organisms. 

e There are very high levels of by-catch 
of unwanted species, or juveniles that 
would be illegal to land. 


Unsustainable methods 

@ Distant Water Fleets (DWF) use 
mechanized fishing methods that 
catch fish at a rate two and a half times 
that which would ensure that fish 
stocks are able to replenish 
themselves. 

@ Factory trawlers haul baglike bottom 
trawl nets the length of football fields 
across the ocean floor. 

@ They have heavy chains and rollers 
attached, which destroy habitats and 
scrape all life from the ocean floor. 

e@ These nets can catch 400 tons of fish 
in one scoop and inflict enormous 
damage to non-target fish and deep 
ocean life. 


Purse seine and driftnets 

e@ Some fishing nets and practices are 
particularly damaging to the 
environment. 

@ Driftnets kill millions of marine 
creatures while targeting just one or 
two commercially valuable species. 

@ Purse seine nets frequently kill marine 
mammals such as whales and dolphins 
in large numbers. 


Modern fishing techniques 


Factory trawlers 


Location 
technology 


Bottom trawler nets 


nets 


Drift netting 


conical net 


Purse seine nets 


fishing vessel 


fishing vessel 


World fish catch and 
target species 


Fish species: million ton catches 


More than a million tons of these species were caught in 2002 (FAO figures). Not all are 
destined for human consumption: the species with the highest tonnage, the anchoveta, is 
used for the production of fishmeal and fish oil. 
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The importance of fish 

e@ Worldwide, humanity obtains 16 
percent of its animal protein from 
marine sources. 

@ About 35 million people gain 
their livelihoods from harvesting 
the oceans. 


Catch levels plateau 

@ Of the 4.1 million fishing vessels 
known to be at sea worldwide, more 
than one million are decked vessels 
capable of sustained periods at sea. 

@ Despite increasing investment in ships, 
nets, and tracking equipment, the 
catch levels began to plateau in the 
1990s. 


Species disappear 

@ The impact of overfishing has resulted 
in the reduced catch of several major 
species, including the Atlantic cod, 
haddock, and Alaska pollock. 

e@ In the North Atlantic, cod stocks are at 
half their former levels, while in the 
North Sea stocks are at just ten 
percent of their 1970 level. 

@ Asian fleets fished out the North 
Atlantic squid stocks in the 1980s. 

@ Atlantic mackerel, redfish, and herring 
catches are all less than half the size 
they were 30 years ago. 


Total fish catch 

@ According to the UN’s Food and 
Agriculture Organization (FAO), the 
total world catch (marine and inland 
waters) for 2002 was 147 million tons. 

e Experts estimate that this will rise to 
about 200 million tons by 2015. 
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Artisanal fishing 

@ Of the estimated 4.1 million fishing 
vessels worldwide, around 1.3 million 
are decked and 2.8 million undecked. 

e Of the undecked vessels, 65 percent 
are not powered. 


@ These undecked vessels mainly 
constitute the artisanal fisheries of the 
world and are involved with small- 
scale, coastal, and inshore fishing. 

@ In developing nations the small-scale 
fishing sector produces far more 
economic and social benefits than the 
industrial sector. 

@ Small-scale fishing uses less fuel, 
produces less by-catch, causes less 
impact on the environment by using 
more selective fishing gear, and tends 
to provide fish for the domestic 
market rather than for export. 

e@ Artisanal fishing also differs from 
industrial fishing in that it is almost 
impossible to lead to overfishing. 

@ The fisher is working close to nature 
with less investment, so if there are no 
more fish he can more readily change 
to another livelihood. 


Large-scale industrial 

fishing 

e@ A small percentage of the decked 
fishing vessels constitute around 
50-60 percent of the total vessel 
capacity (measured by tonnage) of the 
world’s fishing fleet. 

@ Industrial large-scale fishing employs 
only about 200,000 people worldwide, 
but is responsible for massive 
reductions in fish stocks. 

e By contrast, around 200 million of the 
world’s poorest people depend on 
fishing for their livelihood in smaller 
fisheries. 


Industrial and 
artisanal fisheries 


Fishing vessel types 
Vessels of 100 gross tonnage, change in fleets 2002-03 
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Daily food intake 


Daily per capita food intake by region 
Total calories per capita daily intake, 2002 
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Average daily food intake 

@ The average total food intake per 
day worldwide is approximately 
2,800 calories. 

@ The World Health Organization (WHO) 
recommended minimum daily per 
capita energy requirement is 2,100 
calories and the average safe protein 
intake per person per day is 1.6 
ounces (46 g) of a mixed-protein diet. 

@ These are average figures and a large 
subset of the population such as 
adolescents and pregnant and lactating 
women require considerably more 
protein. 


Varying diets 

@ There is a wide divergence of food 
intake—in both quantity and variety— 
between the developing and 
industrialized worlds. 

@ This divergence is directly related to 
food availability, especially in the 
developing regions. 

@ Quite often in poorer countries there 
is a very limited choice of food and 
people usually eat only what they 
can grow. 


Diet composition 

@ In many parts of Africa and Asia, local 
populations obtain their daily calorific 
intake from only one or two sources. 

@ The majority of the calorific intake in 
developing countries usually comes 
from carbohydrates such as rice or 
cassava. 

@ However, a proportion of the diet 
must be made up of proteins, and 
populations living on or near coasts 
usually make this up from fish. 

e@ In some parts of the world protein 
is harder to find, especially if wild 
animals have been hunted to 
extinction. 

e@Some cultures have to supplement 
protein in their diet by eating insects 
and other invertebrates. 
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Trends in food 
consumption 
@ The tables show how different regions 


of the world obtain their calories from 
different sources. 

@ The source foods from which the 
majority of calories are obtained 
generally reflect the health of a nation. 


Fish and meat 

@ On average, people in North America 
obtain about 475.5 calories per day 
from fish and meat compared to just 
35.6 in South Asia and 68.9 in sub- 
Saharan Africa. 

@ In the developing nations of the world, 
there tends to be much less reliance 
on fish and meat and much more on 
crop-based foods. 


Cereals 

@ In all regions of the world, the 
importance of cereals in the diet as a 
provider of calories can be seen. 

@ Populations in the Middle East and 
those of East and Southeast Asia rely 
most heavily on cereals for calories. 


Overconsumption 

@ These patterns of food consumption 
are directly related to food availability. 

@ In developed nations, people have 
more choice about what they eat and 
tend to pick more convenience and 
luxury foods. 

@ This has an adverse effect on the 
health of these regions: in developing 
nations there is less incidence of 
dietary conditions related to 
overindulgence, such as obesity 
and heart disease than there is 
in rich countries. 


Daily food intake, by 
region and food type 


Daily food intake by food type, 2002 
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Calories per person 

@ Daily calorie consumption varies from 
high levels in the developed countries, 
such as Canada, the United States, 
Europe, Japan, and Australia, to very 
low levels in poorer countries in Asia 
and Africa. 

e There is currently an average of 2,790 
calories of food available each day for 
every human being on the planet. 

@ This figure is 23 percent more than in 
1961 and more than enough to feed 
everyone. 


Unequal share 

e@ If a third of the cereals fed to livestock 
were put instead directly onto human 
plates, the per capita calories available 
daily would rise to 3,000. 

@ However, food is not produced or 
shared in equal quantities around 
the world. 

@ Consequently the populations of many 
of the poorer countries have to live on 
a calorie intake much lower than that 
of developed nations. 


Fewer calories in Africa 

@ In 2002 the sub-Saharan African 
consumed an average of only 2,200 
calories a day, significantly less than 
North Americans who consumed an 
average of 3,756 calories per day per 
person. 

@ Recent figures from the UN Food 
and Agriculture Organization (FAO) 
estimate that 316 million Africans, 
or approximately 35 percent of the 
continent’s total population, are 
chronically malnourished. 
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Food production indexes 

@ Food production indexes are used by 
the UN Food and Agriculture 
Organization (FAO) as a measure of 
the value of food produced by 
different countries. 

@ The indexes are calculated using a 
formula (called the Laspeyres 
formula) based on the sum of price- 
weighted quantities of different 
agricultural commodities produced. 

@ Trade indexes of food products 
include all commodities that are 
considered edible and contain 
nutrients, except animal feed products 
and alcoholic beverages. 

@ Certain foods such as coffee and tea 
are excluded because they contain 
virtually no nutritional value. 


Loss in food production 

@ Some countries have seen a dramatic 
fall in food production index value in 
the last 20 years. 

@ This can be due to many reasons such 
as political unrest, natural disasters, or 
unsuccessful land reforms. 

e Singapore has seen the greatest loss in 
food production index values. 

@ In 1977 Singapore had a value of 956, 
which dropped to 850 by 1984, and is 
currently only 66.6. 

@ The reason for this is partly 
urbanization which saw the phasing 
out of many farms and the country 
relying far more heavily on imports. 


Doubling of food 

production 

@ Many countries have managed to 
double their production index values 
in the last 20 years. 

e@ These countries include Benin, Kuwait, 
the United Arab Emirates, and China. 

@ The many reasons for this include an 
intensification of farming and a switch 
to the production of more valuable 
crops and livestock. 


Food production indexes 


Countries where food production 
decreased and increased, 1984-2004 


Figures are food production indexes based on the sum of price-weighted quantities 
produced by each country. These figures are weighed by average international commodity 
prices for the period 1999-2001. The index is arrived at by dividing the aggregate for a 
given year by the average aggregate of the 1999-2001 period. 
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Indexes by country 
Figures are food production indices based on the sum of price-weighted quantities 
produced by each country. These figures are weighed by average international commodity 
prices for the period 1999-2001. The index is arrived at by dividing the aggregate for a 
given year by the average aggregate of the 1999-2001 period. Countries with no data have 
been omitted Worldwide regional 
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Chile 53.9) 106.7 Laos 51.2 119.8 Syria 61.8 119.8 Cuba 
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as well as rural areas for farming. 


perfecting organic farming techniques. 
@ Conversely, many other countries have 


increase in the land area under 
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Food and sub-Saharan 
Agriculture Africa 
Organization . 
ek Undernourished people 
Developing countries 
Number of people (millions) Percentage of population 
. . 1000 800 600 400 200 10 20 30 40 50 
Low-income countries pele clare 
@ Of the 78 low-income countries that 1969-1971 
cannot produce enough food to feed — 1979-1981 
their populations, over half are in 
Nica, i 1990-1992 
@ In these African countries, population i 1999-2001 


growth rates are highest and poverty is 
greatest. 

@ Soils here tend to be more susceptible - 1969-1971 
to degradation, and advances in 


modern agricultural technology have Bie 128) 
had the least impact on food 1990-1992 
production. 


1999-2001 


World Food summit 
@ In 1996, the World Food Summit 
(WES) pledged to halve malnutrition 


by 2015. 1979-1981 
e Current data indicates that the number 


Latin America and the Caribbean 


1969-1971 


of undernourished people is falling at ig ticdacl 
a rate of only six million each year, far ; 1999-2001 
below the rate of 22 million per year — 

needed to reach the WFS target. Middle East and North Africa 


@ The UN Food and Agriculture 
Organization (FAO) predicts that in 
some regions of the world, chronic 


1969-1971 
1979-1981 
1990-1992 
to 30 percent of the population of sub- 
1 -2001 
Saharan Africa by 2010. | } 999-200 


malnutrition is likely to persist, rising 


A Sub-Saharan Africa 
Poverty and degradation — 


@ Poverty and hunger frequently cause a 
cycle of environmental decline that 1979-1981 
further undermines food security. 


1969-1971 


@ Environmental degradation often 2) 222 


occurs when poor nations cannot feed 1999-2001 
themselves without disregarding the 7 
future fertility of the land. Countries facing food emergencies 

@ They overcultivate or overgraze land to 
meet immediate needs, or annex 
inappropriate land with infertile, stony, 
toxic, or poorly drained soils. 

@ In 1997-99 there were 815 million 
undernourished people in the world. 


Global water use 
and availability 


Water withdrawals by region and use, 2002 


7 5 industrial 


100 7 iii} 


Pa domestic 


| | agricultural 


Percentage 


ss 
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Water use by sector in four year periods: China, India, USA 
billion cubic meters 
China India 


1988-1992 1998-2002 Mj 1988-1992 1998-2002 I 1988-1992 1998-2002 


Agricultural 415.0 426.9 460.0 558.4 
Domestic 35.0 41.5 25.0 52.2 
Industrial 50.0 162.0 15.0 35.2 
Total 500.0 630.4 500.0 645.8 


United States 


116.4 
54.0 
33.8 

204.2 


197.8 
60.9 
220.7 
479.4 
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Potential conflicts 
@ Throughout the world freshwater 


sources are dwindling or becoming 
contaminated. 

@ Chronic or acute water shortage is 
increasingly common in many 
countries, and countries with fast 
growing populations are becoming 
potential sources of conflict with 
their neighbors. 


Unequal water distribution 

@ The distribution of water resources 
around the globe is highly unequal, 
even at the continental level. 

@ Asia has more than 60 percent of the 
world’s population but only 36 percent 
of the world’s river runoff. 

@ South America has just six percent of 
the global population but 26 percent 
of the runoff. 

e@ Canada has more than 30 times as 
much water available to each of its 
citizens as China. 

@ More than 60 percent of the water 
used in the world is diverted for crop 
irrigation. 

e Asia has two thirds of the world’s 
irrigated land and 85 percent of Asia’s 
water is used for irrigation. 


Water usage 

e@ China and India use 22,248 and 
22,778 billion cubic feet (630 and 
645 billion m3) of water per year 
respectively. 

@ The majority of this in each case is 
used in agriculture for irrigation. 

@ The United States, which has a much 
smaller population, still uses around 
16,916 billion cubic feet (479 billion 
m5) of water per year, most of which 
is used in industry. 
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Lack of improved drinking water and sanitation, 2002 


Drinking water Sanitation 


Population without Population without 
improved drinking water improved sanitation 
(millions) (millions) 


Access to safe water 

@ Globally, more than one billion people 
are without access to safe and 
adequate water supplies. 

@ Half the total population of the 
developing nations—2.6 billion 
people—are without access to 
adequate sanitation. 


No convenient access 
@ Of the estimated five billion people 
worldwide who do have access to 


E 


water supply services, only around 

Developed regions 
three billion have the convenience of 
access through house connections or 


yard taps. 


ps) 
fo) 


Europe and CIS 


Worst affected areas 

@ The people worst affected by lack of 
access to safe water and sanitation are 
the rural poor as well as residents of 
slum areas in the rapidly expanding 
cities of Africa and Asia. 

@ However, the quality of drinking water 
and sanitation facilities has also 
dropped in some developed nations, 
such as the former Soviet Union. 


Development project 

@ The Millennium Development Goals 
(MDG) were set at a United Nations 
sponsored summit of world leaders in 
September 2000. 

@ The goals were adopted by 189 
countries, and promised to halve the 


o ps) 


number of people who do not have 


safe drinking water and basic Availability of improved drinking water 
sanitation (based on 1990 figures) and sanitation, 1990-2002 
by 2015. et: ee 
C/A miidteaamn aayesaanea Pap ae MIDS Improved drinking water Improved sanitation 
was published in 2004. 
@ It stated that the global target to halve World 5,263 95 63 79 25 
the number of people without 6,225 95 72 81 37 
sanitation will be missed by half a Developed 934 99 99 
billion people. regions “~""993—s—=“‘ ;2OW*X2@27;;*}~*~SC~C~«éSMtS”~*~<S~*~«*dNOC~*C‘“‘;t‘i]SC~:*W 


@ However, with the exception of 
Developing 4,048 59 16 


sub-Saharan Africa, the target for safe ‘ 
regions 4,951 70 31 


drinking water is well on its way to 
being met. 


Waterborne diseases 


Major waterborne diseases and poisons 


Malaria, 
yellow fever, 
dengue, 

Rift Valley 
fever 


Cholera, 
typhoid, 
dysentery, 
diarrhea 


Schistosomiasis 
(bilharzia), 

river blindness 
(onchocerciasis), 
guinea worm, 
giardiasis, 
lymphatic 
filariasis 


Trachoma, 
hookworm 


Arsenic 


Water-breeding mosquitoes spread malaria, yellow fever, and dengue 

@ Malaria affects 396 million and kills more than 1.8 million people every 
year—most of them infants. 

@ Most malaria deaths occur in sub-Saharan Africa, where malaria accounts 
for one in five of all childhood deaths. 

e Intensified irrigation, dams, and other water-related projects contribute 
importantly to this disease burden. 

@ There are 200,000 estimated cases of yellow fever in Africa and Latin 
America (with 30,000 deaths) per year. 

@ There are some 50 million cases of dengue every year, some of them of 
the dangerous dengue hemorrhagic fever type, which can kill 20 percent 
of sufferers. 


Bacterial and viral contamination of drinking water 

e@ Around 1.8 million people die each year from diarrheal disease 
(including cholera); 90 percent of these deaths are children under five 
years old. 

e@ Other major diarrheal diseases include typhoid fever and rotavirus. 

e Diarrheal diseases impose a heavy burden on developing countries— 
accounting for 1.5 billion bouts of illness a year in children under five. 

@ The burden is highest in deprived areas where there is poor sanitation, 
inadequate hygiene, and unsafe drinking water. 

@ The polio virus used to be a major waterborne scourge, but has now 
been virtually eradicated. 


Parasites in polluted water 

@ Two billion people are at risk of schistosomiasis in 74 countries of the 
world. 

@ Two hundred million people are infected with schistosomiasis, which is 
caused by a flatworm spread via a freshwater snail. 
Twenty million suffer severe consequences. Basic sanitation reduces 
the disease by up to 77 percent. 
Worldwide, 120 million people are at risk of onchocerciasis (river 
blindness), 96 percent in Africa. A total of 18 million people (almost all 
in Africa) are infected with the disease, a type of filariasis caused by a 
parasitic worm that lives for up to 14 years in the human body. Of those 
infected, more than 6.5 million suffer from severe itching or dermatitis 
and 270,000 are blind. 
Guinea worm (dracunculiasis) is caused by a roundworm which can grow 
up to three feet (1 m) long. It is the only disease exclusively associated 
with unhealthy drinking water. Some 85,000 people, all in Africa, contract 
this debilitating disease every year. The filtering of drinking water prevents 
transmission. 


Spread by poor hygiene 

@ Trachoma, one of the oldest infectious diseases known to mankind, is 
caused by a microorganism, Chlamydia trachomatis, which spreads 
through poor hygiene and limited access to water and sanitation. 

@ It provokes an inflammatory reaction in the eye with the formation of 
follicles in the conjunctiva, which can cause blindness. 

@ Six million people have been irreversibly blinded by trachoma and 
146 million are threatened by blindness. 

@ Trachoma threatens the health of 500 million people. 

@ Hookworm infections occur mostly in tropical and subtropical climates 
and are estimated to infect about one billion people. 


Poisoned drinking water 

e@ Arsenic contamination of ground water is a global problem. It has been 
found in many countries, including Argentina, Bangladesh, Chile, China, 
India, Mexico, Thailand, and the United States. 

e@ Of a population of 125 million, 35-77 million people in Bangladesh are 
estimated to be at risk from drinking contaminated water. 
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Risk to children 

@ Waterborne diseases remain one of the 
most significant risks to human health 
worldwide. 

@ It is estimated that around 3.4 million 
people, mostly children, die from 
water-related diseases annually, and 
many hundreds of millions more are 
made sick. 


Most severe diseases 

@ The most severe waterborne diseases, 
such as malaria, dysentery, and 
cholera, are directly associated with 
poor sanitation. 

e@ Most fatalities from diarrheal diseases, 
including cholera, could be prevented 
by simple oral rehydration to replace 
fluids and electrolytes. 

@ Many parasitic diseases are also spread 
by poor sanitation, such as 
schistosomiasis, river blindness, and 
guinea worm. 

@ Toxins such as arsenic have 
contaminated groundwater in some 
countries through industrial pollution. 


Sanitation and 

infrastructure 

@ The lack of adequate sanitation to 
remove sewage, and infrastructure to 
remove garbage and keep urban areas 
clean, means some people have to live 
in close proximity to the causes of 
disease. 

@ Open sewers and contaminated water 
supplies provide opportunities for 
pathogens to breed and spread easily 
between people. 

@ Garbage, such as tin cans and old tires, 
often provide ideal locations for insect 
vectors to breed. 

@ Mosquitoes can breed readily in small 
pools of water within refuse. 
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Life cycle 

e@ The New World screwworm 
(Cochliomyia hominivorax) is a 
serious pest of domestic animals 


and humans. 

e@ Female screwworm flies lay their eggs 
at the edges of wounds on living 
mammals or on natural body 
openings such as the nostrils, eyes, 
ears, or mouth. Virtually any wound 
is attractive. 

@ Within 24 hours, larvae emerge and 
immediately begin to feed on the 
underlying tissues, burrowing into 
the wound. 

e As the worm feeds, the wound is 
enlarged and deepened, resulting in 
extensive tissue destruction. 

@ The larvae reach maturity five to seven 
days after hatching and leave the 
wound. They fall to the ground, into 
which they then burrow to pupate. 


Sterile insect technique 

@ A project to eradicate the screwworm 
was undertaken by releasing sterilized 
male screwworms: after the female 
mates with the sterilized male, it lays 
unfertilized eggs. 

@ The screwworm was successfully 
eradicated from the United States and 
Mexico by 1991, but since then there 
have been several outbreaks. 

@ The Department of Agriculture 
estimates that the benefit of 
eradication to the livestock industry is 
more than $900 million per year. 


Spread of the screwworm 

e@ In 1989, the New World screwworm 
was accidentally introduced to Libya. 

e It was eradicated using the sterile male 
technique. 

@ The screwworm has now been 
eradicated from Central America north 
of Panama, by the maintenance of a 
permanent barrier of sterile males at 
the Darien Gap. 


Insect pests: the New 
World screwworm 


Distribution of the screwworm 


The northern limits of the New World screwworm are its historical summer limits. Following 
the success of the sterile insect program, the present northern limit in Central America is 
the Darien Gap in Panama. 


= New World screwworm 
al Old World screwworm 


Life cycle of the New World screwworm 


early pupal stage 


late pupal stage mature New 
World screwworm flies 


Insect pests: the cassava 


mealybug 


The rescue of the cassava crop 


Cassava root 


Mealybug life cycle 


adults 


Parasitic wasp 


Cassava plant 
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A staple food in Africa 


e@ Cassava was introduced to Africa 


from South America in the sixteenth 
century and it has since become a 
staple food crop. 

e The starchy swollen roots are a source 
of cheap carbohydrate for 200 million 
Africans, providing up to 70 percent of 
their daily energy intake. 


Mealybug 

@ The mealybug, (Phenacoccus 
manihoti) arrived in Africa in the 
early 1970s on infected plants from 
South America. 

@ It spread across the continent to 
become the worst pest of the 
cassava crop. 

e It damaged cassava plots, drastically 
reducing leaf and root yields, 
sometimes by as much as 80 percent. 


Parasitic wasp 

@ Scientists at the International Institute 
of Tropical Agriculture discovered the 
mealybug had a natural enemy in 
South America, a parasitic wasp called 
Apoanagyrus lopezi. 

@ The wasp uses the mealybug as a host 
for laying its eggs. The developing 
larvae eat and kill the mealybug. 

e@ The wasp was brought to Africa, reared 
in large numbers, and released into 
the wild in 30 countries. 

@ Full control was reached between 
two and four years after the release 
of the wasps. 


Benefits to the economy 

e Each dollar spent on the control 
project was worth $150 to the farmer. 

@ The overall economic benefit was 
estimated at between $9 billion and 
$20 billion. 
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Tsetse-infested areas and cattle distribution in Africa 


The tsetse fly problem 

@ The tsetse fly (genus Glossina) 
spreads a parasitic disease, 
trypanosomiasis, to both cattle 
(nagana) and humans (sleeping 
sickness). 

e@ The World Health Organization 
(WHO) estimates that there 
are between 300,000 and 
500,000 people currently 
affected by sleeping sickness, 
with an additional 60 million 


people at risk. 
@ The pest prevents the use of livestock 
across a belt of more than 3.9 million 
square miles (10 million km?) of Africa. 


Life cycle 

e There are 22 species of tsetse fly, but 
all are found only in Africa. 

e They breed along rivers and streams, 
are active during the day, and feed 
exclusively on blood. 

@ Unusually for flies, the females 
do not lay eggs, but give birth to a 
single live larva. 


Sleeping sickness 
@ Tsetse flies transmit sleeping sickness 
through their saliva, after first biting 
a person or animal that is already 


infected. ee oe 
; ; setse infested areas 
@ The causal organism of sleeping [=] 
sickness is a tiny microorganism © cattle farming area 


called a trypanosome. 


Eradication 

@ The tsetse fly has been eradicated 
from the island of Zanzibar by use of 
the sterile male technique used 
against screwworms. 

@ A joint campaign of the Food and 
Agriculture Organization (FAO) and 
the International Atomic Energy 
Agency (IAEA) was launched in 
2001 to eradicate the tsetse fly 
using sterile insects. Tsetse fly 


Resistant pests 


Increase in species resistant to pesticides, 1900-2000 
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Pesticide use increases 

@ The use of pesticides increased more 
than 30 times between 1950 and the 
end of the 1980s. 

e@ However, pests still cost the world 
billions of dollars annually in lost 
agricultural production. 


Resistance 

e@ More species of weeds, diseases, and 
insects are becoming resistant to 
control measures. 

@ At least 520 species of insect and 
mites, 150 plant diseases, and 113 
weeds have all become resistant to the 
pesticides meant to control them. 

@ Resistance or tolerance arises as a 
product of natural selection within a 
population. 


Natural selection 

@ Insects, weeds, or diseases with 
immunity to a given pesticide are 
sometimes produced naturally as a 
result of genetic mutation. 

e Those individuals with immunity will 
be favored in an environment where 
the pesticides are used, so their genes 
will spread quickly. 

@ Before long, a new race of individuals 
appears with the immunity gene and it 
becomes harder to control them using 
the same pesticides. 


Avoiding resistant pests 

@ To help avoid pests becoming resistant 
to pesticides it is necessary to use an 
integrated pest management (IPM) 
approach, involving careful 
monitoring. 

@ It may include the use of natural 
predators, chemical agents, and crop 
rotations, and usually requires 
cooperation between crop growers 
within a region. 
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Our Common Future 

e@ In 1987, the United Nations World 
Commission on Environment and 
Development released its report Our 
Common Future (the Brundtland 
Report). 

@ This report brought the terms 
sustainability and sustainable 
development into widespread use. 


Earth Summit, Rio de 

Janeiro 

e@ At the 1992 Earth Summit in Rio de 
Janeiro, more than 100 nations signed 
“Agenda 21”—an international 
approach toward sustainable 
development. 

e@ Fundamental to the philosophy of 
sustainable development is the 
inseparability of human communities, 
economies, and the environment. 

@ There is an interdependence between 
the way humans manage the 
environment, the level of cohesion in 
a community, and economic 
performance. 


Sustainable development 

e@ The concept of sustainable 
development promotes not only 
protection of the environment and 
creation of wealth, but equitable 
distribution of that wealth within 
society. 

@ Sustainable development seeks to 
ensure the needs of the present are 
met without compromising the ability 
of future generations to meet their 
needs. 

e Sustainable development has a 
number of primary objectives: 

e@ Minimized risk of environmental 
damage. 

@ Ecological sustainability and 
environmental protection. 

@ Sociocultural sustainability recognizing 
the needs of all. 

e@ Economic sustainability, maintaining 
high and stable levels of economic 
growth and employment. 


G6 


} 
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sustainable development 


Conservation agriculture 


One form of sustainable development, “conservation agriculture,” aims 
to conserve, improve, and make more efficient use of natural resources 
through integrated management of available soil, water, and biological 
resources combined with external inputs. 


Conservation agriculture contributes to environmental conservation as 
well as to enhanced and sustained agricultural production. 


Conservation agriculture maintains a permanent or semipermanent 
organic soil cover. 


This can be a growing crop or a dead mulch. Its function is to protect 
the soil physically from sun, rain, and wind, and to feed soil biota. 


The soil microorganisms and soil fauna take over the tillage function 
and soil nutrient balancing. 


Mechanical tillage disturbs this process. Therefore, zero or minimum 
tillage and direct seeding are important elements of conservation 
agriculture. 


Varied crop rotation is also important to avoid disease and pest problems. 


Livestock production can be fully integrated into conservation agriculture, 
by making use of the recycling of nutrients. 


The recycling of nutrients reduces the environmental problems caused 
by concentrated intensive livestock production. 


Globally, conservation agriculture is currently practiced on about 

140 million acres (58 million ha) of land, from the tropics almost 

to the Arctic Circle, but mostly in the United States, Brazil, Argentina, 
Canada, and Paraguay. 


The Green Revolution 


World grain production, 1961-2004 


Total world grain production 
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Slowing increase 


@ Between 1950 and 2000 world total grain production increased on average 
2.6 percent per year, well above the rate of population growth. 

@ Between 1990 and 1996 the increase slowed to 0.7 percent per year, no longer 
ahead of population growth. 


The downside 


@ The Green Revolution spread a farming method that relies heavily on chemical 
fertilizers, monocultures, decreased fallow times, and more intensive irrigation and plowing. 

e@ Water supplies became degraded and crop diversity decreased, consequently leading to 
land degradation and erosion. 

@ More than half the fertilizers ever produced have been applied to fields since 1984. 

@ The doubling of agricultural production during the past 35 years has required a 
600 percent increase in nitrogen fertilizer and a 250 percent increase in phosphate 
fertilizer. Consequently, human activity is now the dominant source of fixed nitrogen 
in the environment. 

@ The result has been a nitrogen overload on natural ecosystems. 
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New agricultural age 

e@ The Green Revolution fostered the 
development of new varieties of food 
plants, and introduced agricultural 
practices that greatly increased 
crop yields. 

@ It began in 1944 when the Rockefeller 
Foundation and the Mexican 
government established a plant 
breeding station in Mexico, with the 
goal of boosting grain yields. 

e@ Norman Borlaug, who later won the 
Nobel Prize for his achievement, 
developed a new strain of high- 
yielding wheat. 

e@ With this new strain, Mexico went 
from importing much of its wheat in 
1944 to exporting 0.52 million tons 
in 1964. 

@ The wheat also grew well in Africa and 
Asia. In India production increased 
from 12 million tons in 1966 to 
47 million tons in 1986. 


More high-yielding 

varieties 

e Breeders have now produced high- 
yielding varieties of all major crops. 

@ Many of these are dwarf varieties, 
which result because more carbon 
from photosynthesis is directed to 
the grain. 


The Green Revolution in 

the developing world 

@ Gains have been greatest in the 
developing world, where increased 
food availability has enabled a rise in 
per capita calories of 38 percent to 
2,660 per person. 

@ Life expectancy in developing nations 
increased by ten years in two decades. 
This was attributed primarily to 
improved nutrition. 
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Steep slopes 


@ Soil erosion increases rapidly with 


hill slopes, and is worst on slopes of 
10-25 percent. 

@ Crops cannot easily be grown on 
slopes steeper than five percent. 

@ Many agricultural practices in use Contour 
can dramatically reduce erosion 
from hill slopes. 


Terracing 

@ Terracing is widely used in the tropics 
to grow rice and makes use of water 
runoff from the hill to increase soil 
retentiveness and arability. 


Contour farming 

e@ Contour farming is the practice of Tree planting 
preparing land, planting crops, and 
cultivating them on a level or nearly 
level contour around a slope. 

@ Each crop row serves as a small dam 
to hold water on the slope and can cut 
soil losses by as much as 50 percent. 


Trees 
@ Tree planting on higher slopes 


provides deep roots that hold the soil. 


e It also cycles and retains nutrients and Stri : 
: ; rip croppin 
provides organic matter to make the Perepping 


soil richer. 


Strip cropping 

@ Strip cropping is the use of alternating 
strips of different crops. 

@ It is useful on gentle slopes, and can 
reduce soil erosion to acceptable 
levels without banks or drains. 


Stone lines 
@ Stone lines, or stop-wash lines, retain Stone lines 
some rainwater and eroded soil on 

gentle slopes. 
@ Grass strips can also be used as stop- 


wash lines. 
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The use of fertilizers 


e@ The major chemical requirements of 


most plants for growth are nitrogen, 
potassium, phosphorous, calcium, 
magnesium, and sulfur. 

@ Fertilizers deliver these nutrients to 
crops to enable fast and healthy 
growth. 

@ Fertilizer was not used heavily until 
the 1950s but since then its use has 
greatly increased. 

@ In 1950 the global fertilizer use was 
18 pounds per acre (20 kg ha). By 
1990 this had increased to 81 pounds 
per acre (91 kg ha). 


The benefits of fertilizers 

@ There is considerable potential for 
increasing world food supply by 
increasing fertilizer use in low 
production countries. 

@ It has been estimated that the 
developing world could at least triple 
its crop production by raising fertilizer 
use to the world average. 


The problems with 

fertilizers 

e Agriculture accounts for 86 percent 
of human-generated nitrogen. 

e Over-fertilization is a concern in the 
developed world, where relatively 
affluent farmers have the means to 
over-fertilize, when they may be 
unaware of the specific nutrient 
content of soils or the needs of 
the crops. 

e Around half of every ton of fertilizer 
applied to fields does not reach the 
plant tissue. It either evaporates or is 
washed into local watercourses. 


The solution 

e Better education is needed to time the 
application of fertilizers, calculate the 
correct doses, and more accurately 
deliver it to the crop in the most 
economical manner. 


© Diagram Visual Information Ltd. 


© Diagram Visual Information Ltd. 


FOOD AND WATER 


Key words 


DDT 
pesticide 


Pesticide usage 


@ In 1995, world pesticide consumption 


peaked at 2.8 million tons of active 
ingredients with a market value of 
$38 billion. 

@ Only seven companies now supply 
about 90 percent of the pesticide 
market. 

@ Use of pesticides in the developed 
world is now decreasing. This is partly 
due to more powerful new chemicals 
that are used in much smaller 
amounts. 


Usage in developing 

nations 

@ Pesticide usage is still increasing in 
developing nations and is often used 
in a way that is environmentally 
damaging and not sustainable. 

@ This includes the use of many 
substances now banned in developed 
countries because of their severe 
impact on human health and the 
environment. 

e@ Many developing world farmers lack 
the education needed to apply correct 
pesticides at the correct time in 
correct doses. 


The history of DDT 

@ DDT is an organochlorine pesticide 
that was first used in the 1940s. 

e It was used worldwide to great effect 
and was particularly successful in 
combating insect-borne diseases such 
as malaria and typhus. 

@ Insects soon developed resistance to 
DDT and fears grew over its effects on 
the environment. 

@ By 1969 DDT residues and metabolites 
were found to be causing major 
environmental damage worldwide. 

@ DDT was banned in the United States 
in 1972, but it is still produced and 
used in many developing countries. 


Pesticide use worldwide 


World pesticide production, 2002 
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Potash 
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Plant breeding 

e Plant breeders have been 
crossbreeding crop plants for 
centuries in an effort to combine 
desirable traits. 

@ Incorporating traits such as improved 
quality, higher yields, pest or disease 
resistance, and tolerance of drought, 
heat, and cold, means that plants will 
be better suited to grow in some 
areas than others. 

@ It is now possible to add desirable 
traits to crop plants in the laboratory. 


Transgenic crops 

e A transgenic crop plant contains genes 
that have been artificially implanted in 
the plant’s genome. 

@ Transgenic crops are often called 
genetically modified (GM) crops. 

@ The inserted gene may come from 
another unrelated plant, or from a 
completely different species such as an 
animal or bacteria. 

@ This technology enables scientists to 
bring together, in one plant, genes 
from a range of living sources. 

@ The process of making transgenic 
crops is relatively new to science and 
is at the cutting edge of human 
knowledge. 


The controversy 

@ Transgenic technology is viewed by 
many as “meddling with nature” and 
many countries have banned the use 
of transgenic crops altogether. 

@ Some proponents of transgenic crops 
claim it will help solve world food 
shortage problems. 
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Types of transgenic crops 

@ There are many types of transgenic 
crops designed for different purposes. 

e@ The most widely used today are 
soybean, corn, and cotton. 


Insect resistant crops 

e@ Some plants have been designed to 
express pesticides, removing the need 
to apply synthetic chemicals. 

e Bacillus thuringiensis (or Bt), is a 
naturally occurring soil bacteria that 
contains a toxin lethal to insects. 

e Scientists have incorporated the gene 
for this toxin into different crop plant 
varieties, so that after insects feed on 
the plant they die. 


Herbicide tolerant crops 

@ Other plants have been altered to 
withstand the application of powerful 
herbicides, so that troublesome weeds 
die while the crop plants remain alive. 


Other transgenic crops 

@ Tea and coffee varieties are being 
created that grow without caffeine. 

e@ Genes for vaccines and drugs are 
being inserted into plants. 


The future of transgenic 

crops 

@ While the use of transgenic crops 
increases in some countries, many 
others are still unsure of its safety. 
There are fears that: 

e Insects might become resistant to 
certain varieties. 

e@ Crossbreeding might occur between 
normal and transgenic crops. 

e@ Crops expressing pesticides might the 
cause contamination and pollution of 
water supplies, or even the air. 


Transgenic crop 


production 


Production of transgenic crops, 2000 


Country 
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© China ik 
5) South Africa O:5 
6) Australia 0.4 

Mexico minor 
Bulgaria minor 
Romania minor 
Spain minor 
Germany minor 
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Uruguay minor 


Transgenic crops area planted, 1999 
million acres 


soybean 


cotton 


Area planted (million acres) 


canola 


Crops grown 


soybean, corn, cotton, canola 


soybean, corn, cotton 
soybean, corn, canola 
cotton 

corn, cotton 

cotton 

cotton 

corn 

soybean, potato 

corn 

corn 

corn 


soybean 


papaya 


0.3 


Human casualties of 
pesticide use 


Obsolete pesticides in Africa, 2002 
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Symptoms of poisoning 
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The cost to health 

e@ The World Health Organization 
(WHO) estimates that each year about 
three million people suffer severe 
pesticide poisoning, with 
more than 20,000 deaths. 

e@ Men and women working in the 
agricultural sector in developing 
countries make up 59 percent of the 
global working population. 

@ In these countries pesticides cause 
14 percent of all known occupational 
injuries in agriculture and ten percent 
of all fatalities. 


Dangerous chemicals 

@ About 30 percent of pesticides 
marketed in developing countries do 
not meet internationally accepted 
quality standards. 

e Experts have classified the active 
ingredients of about 160 pesticides 
as being carcinogenic to some extent, 
while 118 pesticides have been 
identified as disrupting hormonal 
balance. 


Obsolete pesticides 

@ It is thought that there are at least 
500,000 tons of unwanted, unused, or 
obsolete pesticides worldwide. 

@ In 2002 in Africa alone there were 
estimated to be about 120,000 tons. 

@ Between 1992 and 2002 less than five 
percent of the toxic waste was 
disposed of safely. 

e@ Adequate hazardous waste destruction 
facilities do not exist in Africa, so waste 
has to be shipped to a developed 
country for high-temperature 
incineration at an average cost of 
$3,500 per ton. 

@ Obsolete pesticides include DDT, 
Dieldrin, Lindane, and Malathion. 

@ Dieldrin is said to be five times as toxic 
as DDT when swallowed and 40 times 
as toxic when absorbed through the 
skin. 
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Damaging land use 

techniques 

@ Conventional tillage methods with 
tractors and plows are a major cause 
of severe soil loss in many developing 
nations. 

e@ However, if tillage is neglected, the soil 
becomes unproductive and weedier, 
so tillage is an essential part of the 
work of any farmer. 

e@ The UN Food and Agriculture 
Organization (FAO) estimates that 
some 40 percent of land degradation 
around the world is caused by soil 
erosion. 

e@ Intensive tillage causes more erosion 
and soil degradation, especially in 
warmer areas where the topsoil layer 
is thinner. 


Benefits of minimum 

tillage 

e@ Minimum tillage is a technique used to 
minimize the amount of soil 
disturbance while the seedbed is being 
prepared and maintained. 

e@ The main purpose of using a minimum 
tillage system is to reduce costs of 
production while maintaining or 
increasing yields. 

@ Special no-till planting machinery 
pushes seeds directly into the ground. 

e Erosion is limited using this method 
because soil structure is kept intact, 
moisture is conserved, and plant cover 
is retained. 

@ Other benefits include reduced labor 
requirements, reduced machinery 
wear, fuel savings, and reduced release 
of carbon gases. 

e However, minimum tillage is not an 
easy option: it requires commitment, 
time, and patience from the farmer. 


Sustainable land use: 
minimum tillage 


Intensive tillage 


Intensive tillage 
leaves the soil bare 
and unprotected. 


Minimum tillage 


Minimum tillage protects the 
soil against erosion. Special ) 
no-till planters cut through crop {¥, 
residues and plant into soil / 
without plowing or disking. 


Sustainable land use: 
intercropping and 
agroforestry 


Agroforestry types 


Shade systems 
These comprise the intentional 
manipulation of trees, shrubs, 

and ground vegetation to 
produce both timber and 
shade-requiring 

nontimber crops. 


Silvopasture 
Here trees are 
combined with forage 
and livestock 
production. 


Sun systems 
In sun systems, woody perennials 
are planted with annual or 
other crops that require 
full sunlight. 


Timber belts 
These consist of multiple rows 
of trees planted for both 
environmental protection 
and the production of crops. 


Integrated riparian management 
This is the management of areas 
bordering waterbodies and 

watercourses to enhance and 
protect aquatic resources 
while generating 

economic benefits. 
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Intercropping 


@ Intercropping is the growing of two or 


more crops in proximity to promote 
interactions between them. 

e@ When two or more crops are grown 
together, each must have adequate 
space to maximize cooperation and 
minimize competition between the 
crops. 

@ Intercropping is useful for a number of 
reasons; for example, a neighboring 
crop may be more attractive to pests 
than the main crop and can serve as 
an attractant. 

e@ Legumes such as peas, beans, and 
clover fix atmospheric nitrogen using 
symbiotic Rhizobium bacteria for their 
own use and for that of neighboring 
plants. 

e@ Some plants exude chemicals that 
suppress or repel pests and protect 
neighboring plants. 

@ Tall or densely canopied plants may 
protect more vulnerable plants 
through shading or by providing a 
wind break. 


Agroforestry 

e Agroforestry, like intercropping, 
combines the production of trees with 
other crops and livestock. 

e By blending agriculture and forestry 
with conservation practices, 
agroforestry strives to optimize 
economic, environmental, 
and social benefits. 

e There are five basic types of 
agroforestry: shade systems, 
silvopasture, sun systems, timber belts 
and integrated riparian management. 

@ Intensive management of trees, 
agricultural crops and animals, and 
agricultural land is the key to 
successful agroforestry. 
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Terraces 

e Terraces are raised mounds of earth 
with flat tops and sloping sides, 
constructed across the slope of a 
cultivated hillside. 

@ Terracing reduces soil erosion by 
breaking long slopes into a series of 
shorter slopes. 

@ Terraces considerably reduce soil 
erosion if they are well planned, 
correctly constructed, and properly 
maintained. 

@ The efficiency of a terrace system will 
also depend on the adoption of other 
conservation practices. 

e@ The main objectives of terracing are: 

@ To reduce the velocity of runoff. 

@ To reduce the volume of runoff. 

@ To reduce the losses of soil, seed, and 
fertilizer. 

@ To increase soil moisture content 
through improved filtration. 


Bunds 


e@ Contour bunding is one of the 
simplest methods of soil and water 
conservation and plays an important 
role in fields with a medium slope. 

e@ Bunds are embankments of earth or 
stones that act as a barrier to water 
flow, reducing soil erosion and 
keeping the soil moist. 

@ Trees can be planted on bunds so that 
nutrients are returned to the soil while 
the root systems bind everything 
together. 

@ Cattle can also be grazed on a bund if 
it is planted with grass. 

e@ Sometimes farmers are reluctant to 
incorporate bunding as a method of 
soil and water conservation because 
they feel that the area under the 
bund is wasted. 


Sustainable land use: 
terraces and bunds 


Terraces 


Shallow slope 
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original hill after bunding 


Sustainable land use: 
Soil protection and 
rejuvenation 


Soil protection 


Reforestation 
Controlled grazing 


Shelter plants 


Contour plowing 
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Nitrogen fixing plants 


FOOD AND WATER 


Key words 


crop 
fertilizer 


plowing 
reforestation 


Protecting the soil 

e@ With modern destructive farming 
methods, soil fertility is often lost or 
greatly reduced. 

@ There are, however, a number of ways 
that soil fertility can be both protected 
and restored. 


Reforestation 

@ Reforestation—planting trees—gives 
soil stability by binding it together so it 
can retain nutrients and water more 
easily. 


Controlled grazing 

e Controlled grazing can be good for 
soils, but it is important to prevent 
overgrazing, which leads to a loss 
of fertility. 


Shelter plants 
@ Shelter plants reduce the effects of 
wind on soils. 


Contour plowing 
e@ Contour plowing prevents gully 
formation. 


Crop rotation 

@ The use of fallow periods and crop 
rotation allows soils to recover fertility 
naturally. 


Riverbank reinforcement 

@ Riverbanks can be reinforced to 
prevent the loss of topsoil after 
flooding. 


Manures 

e@ Applying manures and crop residues 
to the soil restores fertility without the 
use of synthetic fertilizers. 


Nitrogen fixing plants 

e Plants using Rhizobium bacteria such 
as clover, peas, and beans fix nitrogen 
and return it to the soil, increasing 
fertility. 
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Biological control 


@ Biological control uses naturally 


occurring predators, parasites, and 
diseases to control pests. 

@ Biological control was pioneered in 
the 1890s when the cottony cushion 
scale insect attacked the citrus fruit 
industry in California. 

eA natural predator of the cottony 
cushion scale, a lady beetle called 
Rhodolia cardinalis, was introduced 
from Australia to control the pest. 

@ Lady beetles, lacewings, and parasitic 
wasps are among the most commonly 
used biological control agents. 


Bacterial control 

@ Bacteria such as Bacillus thuringiensis 
and viruses are also used to control 
insect and mite pests successfully. 

e A baculovirus was successfully used 
against the rhinoceros palm beetle 
(Oryctes rhinoceros), when it 
devastated Pacific island coconut 
palms. 


Pheromones and viruses 

@ Synthesized sex pheromones are often 
used to lure male insects into traps in 
great numbers. 

e@ The myxoma virus was used to control 
rabbits in Australia with only partial 
success. 


Results 

@ To date, of more than 6,000 
introductions of alien natural 
enemies to control pests, only around 
25-30 percent have been successful. 

@ Great care must be taken when 
introducing alien species to control 
pests in new environments. 

@ Sometimes the predator will prefer to 
prey on species other than the pest 
and cause great damage to the 
ecosystem. 


Sustainable land use: 
biological pest control 


Pests and biological solutions 


Rhinoceros beetle 

The rhinoceros beetle, a 
pest of coconut palms, 
was successfully 
controlled by a virus. 


Lady beetle 

The larva of the lady beetle 
can eat hundreds of aphids 
every day, and the adult beetle 
also eats them. / 


Gypsy moth 

The gypsy moth, introduced to 

the United States from Europe, 

can defoliate trees and vines, but 
is controlled by pheromone traps. 


Boll weevil and trichogramma 


The boll weevil, a pest of cotton growers in the United States, 
can be controlled by the parasitic wasp trichogramma. 

The wasp lays an egg in a bollworm egg; the wasp's larva feeds 
on the egg, and emerges as an adult wasp eight days later. 


Land degradation and 
habitat destruction 
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Introduction 

e Land degradation is a human-induced 
or natural process that negatively 
affects the land’s ability to take up, 
store, and recycle water, energy, 
and nutrients. 

@ Land degradation can eventually lead 
to the destruction of habitats such as 
tropical forests, coastal environments 
and Arctic tundra. 


Human causes 

e@ There are many causes of land 
degradation, almost all of which are 
human-induced. 

e Land clearance and deforestation, 
agriculture, conversion of land for 
urban developments, irrigation, 
and pollution are all major causes. 


The major stresses 

e@ The major stresses that degrade land 
are: loss of organic matter and 
nutrients; destruction of soil 
structure; alkalinity or acidity 
increase; salinization; and 
erosion by wind and water. 


The consequences 

e As natural habitats become degraded, 
so their ability to function as part of an 
ecosystem diminishes. 

@ Degraded land loses the ability to hold 
and store nutrients and water and 
eventually becomes of no use in 
ecological processes. 

@ Desertification is land degradation 
occurring in the arid, semiarid, 
and subhumid areas of the world. 

@ More than 25 percent of Earth’s land 
surface has already suffered soil 
erosion and degradation. 
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@ Wind and water are the primary causes 
of soil erosion, but their effect on the 
landscape can be initiated and 
accelerated by human actions that 
make the land vulnerable. 

e Experts believe that human activity 
causes ten times more land erosion 


than all of the natural processes 
combined. 

@ Because soil is made at roughly the 
same rate as natural erosion, it is 
believed that human activities are 
stripping soil from Earth’s surface 
faster than nature can replace it. 


Wind erosion 

@ Wind erosion occurs when wind 
physically removes the lighter, less 
dense soil particles such as organic 
matter and silts. 

@ It removes the most fertile part of the 
soil, lowering soil productivity and 
increasing costs. Areas at risk of water erosion 

@ Wind erosion is a serious problem in 


many parts of the world and is [ very vulnerable al vulnerable if plant cover lost 
especially damaging in arid and 
semiarid regions. ap FF 

@ Deserts result when wind erosion 
strips the soil covering an area of land 
of its vegetation. 


Water erosion 

@ Environments with heavy rainfall are 
at risk from water erosion. 

@ This occurs when flowing water or the 
impact of raindrops causes nutrients 
and soil particles to be washed away. 

@ In Brazil, where trees are removed for 
logging, frequent mudslides occur 
because the soil becomes unstable 
without roots to hold it in place. 
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@ Landscape erosion as a result of 

; human activity can take many forms. 
Farming AYO? 2%) = AR? Sd e Human activity often begins the 

: : erosion of a landscape and natural 
systems then accelerate the process. 


@ Farming activities continually expose 
soil to the elements through plowing 
and tilling. This results in increased 


erosion. 


e The construction of oe anal 
railroads often allow the elements to 


Deforestation 


begin erosion of the land, and vehicles 
then accelerate the process. 


e@ Deforestation removes cover for soil 
from the weather and affects the 
Flooding stability provided by tree roots. 


e When. water levels rise, soils become 


waterlogged, causing mudslides. 


Denudation wel , 
e@ Denudation is the total removal of 


natural land cover, after which the 
elements are free to begin eroding 
the landscape. 


Acid rain a 
Shc rain Gaede calcium-based rock. 


This is clearly visible on stone 
buildings and monuments. 


; ; e Open-cast mining and quarrying 
Quarrying = SSN \YN 4 , \- directly erodes the landscape and 
affects the stability of surrounding 


areas. 


@ Footpaths can erode the landscape 
Walking when they are not paved and are 
much used. 
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Primary consequences 

e Water and wind action often result in 
soil erosion. 

@ Soil may also become unstable due to 
a lack of vegetation holding it 
together, resulting in landslides. 

@ Soils transported by water and wind 
can build up as deposits in new 
locations. 


Landslides 

@ Hilly areas that have suffered serious 
deforestation, and rapid, poorly 
planned urban expansion onto 
hillsides, are most at risk of landslides. 

@ Without trees and vegetation to hold 
the soil in place, severe rains can wash 
away massive amounts of mud and 
topsoil, often causing loss of life. 


Secondary consequences 

@ Loss of soil makes land infertile and 
renders it unsuitable for farming. 

@ Unstable land is no longer suitable or 
safe ground on which to build houses 
and settlements. 

@ Deposited soils can clog up irrigation 
systems, hampering farming 
productivity. 


Tertiary consequences 

@ People often abandon land that is no 
longer suitable for farming or 
settlement. 

@ The actions of people can therefore 
eventually result in the loss of their 
own living space, or that of others. 

@ The end result can be famine and 
refugee populations searching for 
new places to settle. 


Consequences of erosion 


Effects of erosion 


landslides become more frequent 


silt reduces lifetime of hydroelectric 
plants and reservoirs 


infrastructure 
destroyed 
by floods 


rural populations 
migrate to the city 


crops grown on 
unprotected fields 


gully erosion reduces 
available cropland 


wind erosion affects 
badly managed pasture 


mud banks reduce river navigability 
flooded village 
fish catch in shallow waters diminishes 
monocrops dominating large areas 
sloped land cultivated without terracing 


deforestation 
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Reversing erosion 
@ Although difficult, it is possible to slow 
and repair the effects of soil erosion 


once it has begun. 

@ The extent of possible repair depends 
on the area of land to be dealt with, 
and the level of resources available, 
such as time, money, manpower, 

and materials. 
@ There are a number of different ways 
to repair and prevent further erosion. 


Soil stability 


@ Deep soils on sloping land need to be 
stabilized to prevent movement from 
gravity and water. 


ence peiniereed @ Replanting the soil with trees and 


planting crop rotation river banks 
shrubs is the best solution. 


@ The soil can be stapled with stakes 
while the roots take hold. 

@ Grass can be used on flatter soils. 

Drainage 

Physical prevention 


cut-off drain ground surfaces toe-fill placed @ Drainage channels can be dug to 


at slope crest seeded or planted on drainage ; : 
blanket divert groundwater from causing 


erosion. 
@ Windbreaks such as walls and hedges 
can be used to block the wind. 


Soil thickness 
@ Eroded soils can be replaced by 
importing soil from other 
locations. 
e@ Imported soil must be stabilized 
quickly. 


Management 

@ Repairs to damaged land will be 
quickly undone if management 
techniques are not changed. 

@ Rotation systems for arable farming, 
grazing, and timber felling are often 


: ; effective at preventing a recurrence 
drain arrays bored from base of vertical sand P 8 


shaft, or drilled from a tunnel drains of erosion. 
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Deforestation 

@ The removal of forests has become a 
worldwide cause for concern. 

@ During the 1990s the global net loss 
of forests was 232 million acres 
(94 million ha) or 2.4 percent of 
the total forest area. 

@ Fragmentation of tropical forests also 
accounts for much of the damage 
because many plant and animal 
species require large amounts of 
uninterrupted cover to survive. 

@ Once an area of forest is destroyed, 
it is rarely allowed to regrow. 

@ Often the land is used for short-term 
commercial farming, after which it is 
of little use. 


Frontier forests 

e Frontier forests are large, relatively 
undisturbed, and ecologically intact 
forests, and are considered the most 
valuable. 

@ They are being destroyed at an 
increasing rate worldwide. 


Human encroachment 

@ Rising populations in developing 
countries require more space to 
settle and live. 

@ In some countries, governments have 
given incentives to settlers to move 
into forested areas to build new 
homes and begin farming. 

@ New populations require wood for 
building and fuel for cooking, which 
increases deforestation further. 


Trade, farms, and industry 

@ Tropical timber can provide a valuable 
source of income through 
international trade. 

@ Land clearance is often required for 
farms, factories, and opencast mines. 

@ Transportation routes are often cut 
through forests to improve 
communication networks. 


Deforestation: 
a global problem 


Global deforestation 
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Loss of forests 

@ An estimated 50 percent of Earth’s 
land surface was once forested. 

@ Today, only 30 percent of the land is 
covered by forest. 

@ About 7.5 percent of the total 
forest cover is tropical forest, 


which is only about 50 percent 
of the area of tropical forest that 
existed 50 years ago. 

@ The average rate of tropical 
deforestation worldwide during the 
1980s was aproximately 0.8 percent 
per year. 

@ The rate of deforestation has remained 
roughly constant, but as the area of 
forest has grown smaller it appears to 
increase. 

e The current rate is about 0.9 percent 
each year and rising. 


Collecting data 

@ Calculating deforestation rates is 
difficult because absolute figures are 
collated from thousands of areas of 
forest lost all over the world. 

@ Sometimes it is difficult to get data 
from countries that are geographically 
inaccessible or politically unstable. 

@ Some methods of collecting data have 
proved impractical and inaccurate; 
deforestation rates are therefore often 
based on estimates rather than 
established fact. 


Satellite mapping 

@ Satellite mapping is now the accepted 
standard technique for making 
calculations in the twenty-first century. 

@ It is a relatively accurate means of 
gathering deforestation data because 
vast areas of landscape can be analyzed 
by computer easily. 
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The Amazon basin 

@ The Amazon River is approximately 
4,010 miles (6,450 km) long, the 
second-longest river in the world. 

@ Together with its many tributaries it 
covers eight South American 
countries: Bolivia, Brazil, Colombia, 
Ecuador, Guyana, Peru, Suriname, 
and Venezuela. 

@ This area is known collectively as the 
Amazon basin, and holds the largest 
continuous forest on Earth. 


Fire and logging 

@ The Amazon forest is being cleared at 
an alarming rate for logging and to 
make way for roads, settlements, and 
other developments. 

@ When trees are felled in the Amazon, 
the unwanted offcut and vegetation 
is burned. 

@ The fires lit for this purpose often get 
out of control and large areas of virgin 
forest are burned. 

@ The result is significant and 
unnecessary damage to tropical forest. 

@ The estimated area of forest damaged 
in this way each year is between 6,500 
and 23,000 square miles. 


American Corporation 

Treaty (ACT) 

@ In 1978 the eight countries that lie 
within the Amazon basin signed the 
Amazon Cooperation Treaty (ACT). 

@ The treaty is recognized by some as an 
effective instrument for discussion and 
agreement on policies concerning the 
future of the Amazon basin. 

@ However, many experts still view the 
future of the Amazon basin as bleak 
unless habitat destruction is brought 
under control. 


The destruction 
of Amazonia 


Destruction of the Amazon rainforest 
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Tropical forest 


The area of tropical forest surrounding the Amazon River is 
known as the Amazon basin or Amazonia. 


Deforestation In 
Costa Rica 


The case of Costa Rica 


Threatened species, Costa Rica 2002-2003 
Number of species 
0) 20 40 60 


higher plants 


Mammals sss 
breeding birds pecs 


reptiles ama 
amphibians i 


fish | 


Deforestation of Costa Rica 


80 


LAND AND HABITAT 


Key words 


diversity hotspot 
ecotourism 


endemic species 


Diversity hotspot 

@ Costa Rica, despite its small size, is 
regarded as a diversity hotspot and has 
one of the highest concentrations of 
plant and animal species in the world. 

@ It is home to around 9,000 species of 
plants, 1,239 species of butterflies, 
850 species of birds, 350 species of 
reptiles and amphibians, and 
205 species of mammals. 

@ Many of these species are endemic to 
Costa Rica, which further emphasizes 
how important it is to protect them. 


Living space and 

plantations 

e@ The countries in Central America, 
including Costa Rica, are all small 
in area. 

e@ Expanding human populations have 
resulted in forests being cleared for 
living and farming space. 

@ About 65 percent of Central America’s 
forests have been lost in this way since 
the arrival of Europeans. 

@ The majority of Costa Rica’s forest was 
destroyed by 1983. 


Conservation strategies 

@ Recent conservation projects in Costa 
Rica aim to replace as much of the lost 
tropical forest as possible, and to 
conserve what remains. 

e@ The country now embraces 
ecotourism as a way of raising money 
for conservation. 

@ Because of Costa Rica’s mountainous 
terrain, some 50 percent of the 
country is regarded as being suitable 
only for trees. 

e@ This has helped conservation teams to 
protect many areas. 
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Mangrove forests 

e Mangrove forests are distributed 
throughout the world’s tropical and 
subtropical ocean coastlines. 

@ The area with the greatest mangrove 
diversity is the India—Pacific region. 

@ Mangroves are composed of 
salt-tolerant trees and other plant 
species that are capable of growing in 
seawater. 

@ Mangroves have an intricate root 
system that allows the plants and trees 
to take root in loose sand or soil. 

@ They also possess a specialized and 
unique dispersal mechanism that 
allows the seeds to remain attached to 
the parent plant until they germinate. 

@ Mangroves form the basis of unique 
and rich ecosystems, but are 
threatened by human activities. 


Threats to mangroves 

@ Mangroves were once regarded as 
unproductive and useless 
environments. 

@ They were therefore cleared at an 
alarming rate. 

@ It is estimated that around 62 million 
acres (25 million ha) of mangrove 
forest have been destroyed or grossly 
degraded in the last 50 years. 

e@ Ecuador, Vietnam, and Thailand have 
lost more than 50 percent of their 
original mangroves. 

e Shrimp farming accounts for much 
damage to mangroves in some 
countries, as does the ever-expanding 
tourist industry. 

@ Other causes of destruction are 
dredging, land reclamation, clearance 
for agriculture, and salt farming. 
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Eco-services 

@ Mangroves are hugely beneficial to 
the environment and to people: 
they provide not only food and 
livelihoods but also other, less 
obvious, eco-services. 


Natural refuges 

@ Mangrove wetlands offer a habitat for 
more than 2,000 species of fish, 
shellfish, invertebrates, and plants. 

e@ They provide a safe nursery and 
breeding ground for many species, 
including sharks and turtles. 

@ Mangroves are often the starting place 
of many food webs, with small species 
of plankton feeding on the organic 
matter produced. 


Pollution control 

@ Mangroves can also help to control 
pollution by stopping excess amounts 
of nitrogen, phosphorous, and 
petroleum products from entering 
the ocean environment. 

@ This is done via a process called 
rhizofiltration. 


Protection from the 

elements 

@ Mangroves act as a buffer zone by 
shielding the land from wind and 
trapping sediment in their roots. 

@ They also maintain a shallow slope on 
the seabed that absorbs tidal swells 
and can protect coastal settlements. 

e@ In 1999 in the Indian state of Orissa, 
10,000 people drowned during a 
cyclone. This disaster was made far 
worse because many of the state’s 
coastal mangroves had been cut down 
to make way for shrimp farms. 
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Soil degradation 

@ When trees are removed, topsoil is 
lost to wind and water erosion 
because there are no longer any 
roots to bind it together. 

@ Surface evaporation increases, 
reducing the moisture content of 
the soil. 

e The nutrient content of the soil 
decreases rapidly and no further 
nutrients are added. 


Water loss 

@ Forests act like a sponge by holding 
water in the soil and in the biomass of 
the trees. 

@ The removal of forests increases 
rainwater runoff and this in turn leads 
to the increased probability of floods 
and droughts. 


Lungs of the earth 

@ Forests act as air purifiers by taking in 
carbon dioxide and releasing oxygen. 

@ This is called photosynthesis and is a 
chemical reaction that takes place in 
the leaves of trees and plants. 

@ In this way, it is thought that forests 
produce up to 40 percent of the 
world’s oxygen. 

@ Depletion of tree stocks reduces the 
replenishment of atmospheric oxygen 
and allows carbon dioxide (CO) to 
build up in the atmosphere. 

@ The burning of forests contributes to 
greater atmospheric levels of 
greenhouse gases (up to 30 percent of 
the global release of CO;). 


Biodiversity 

@ It is estimated that more than half the 
world’s plant and animal species live in 
rainforests, yet these forests cover only 
about six percent of the planet’s 
surface. 

@ Deforestation is the primary cause of 
the loss of biodiversity in the world, as 
habitats for many species are lost. 


The consequences 
of forest loss 
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e Loss of vegetation 

@ Decreased habitats 

e@ Decrease in number 
of species 

@ Change in food 
supply 

e@ Decrease in 
pollinators and seed 
dispersers 


e@ Loss of human 
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Wetlands 


e@ Wetlands provide valuable ecosystem 
services by regulating river flow and 
filtering pollutants. 

@ They are important habitats for bird 
and insect species, and provide 
spawning grounds for many 
species of fish. 


Land reclamation 

e@ Wetlands are usually found in lowland 
regions, often where people need 
more land. 

@ People drain the water away so that 
the land becomes dry and can then be 
developed for settlement and farming. 

@ This is called land reclamation, which 
is achieved using a number of different 
methods. 

Eastern Hemisphere, 2000 Polders 
e@ When coastal wetlands, marshes, bogs, 
lakes, or riverbeds are reclaimed the 

areas are called polders. 

e@ Dams are used to keep the water out 
and pumps are used to drain the 
wetland. 


Landfill 

e Landfill can be used to raise the level 
of wetland so that it drains naturally. 

e@ Networks of ditches are also used to 
improve the drainage of this land. 


Levees 

@ The waterlogging of river floodplains 
is prevented by the construction of 
levees. 

@ Levees are ridges built up on either 

Causes of wetland loss side of a river to contain any rise in 

water level. 

Polder Landfill 


Dams 

@ Building reservoirs and hydroelectric 
dams can result in wetland loss. 

@ The flow of rivers is decreased, so any 
wetland below the dam dries up. 

e Also, the body of water held behind 
the dam engulfs wetlands. 
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Wetland loss 


The Everglades 


The Everglades Bs a 
@ The south of the state of Florida is The® 
dominated by a large area of wetland Everglades 


known as the Everglades. 
@ The Everglades is home to many 


unique species and is a stronghold for Gulf of 
the American alligator (Alligator Mexico 
mMississippiensis). 


@ Much of the wetland is being drained 
and reclaimed so the land can be put 
to other uses. 

@ Farming and urban development are 
the main uses of reclaimed land. 


@ A significant proportion of the J Atlantic 
Everglades wetland is also being - Ocean 
lost to pollution. 20 km 

e Agricultural and industrial chemicals 20 miles 


from the surrounding lands are killing 
plant and animal life. 
@ Flood control operations are also 
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causing areas of wetland to dry up. 


Yellowstone National Park 

@ The states of Wyoming, Montana, and 
Idaho all contain parts of the 
Yellowstone National Park. 

@ The park covers a huge area and 


if 
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including wetland areas such as rivers, ¢ / the Yellowsto 


lake fringes, and thermal springs. 


contains many different habitat types 


e Water pollution is a major threat to 
these habitats in some areas, as more 
and more settlements and industrial 
sites are built. 

@ The pollution comes from sewage, 
waste, and mining operations. 


MONTANA 
WYOMING 


@ Ongoing mining practices have 
degraded Henderson Mountain, which 
lies just three miles northeast of 
Yellowstone National Park. 

@ Acid mine pollution and heavy metal 
contaminants have polluted the 
headwater sources of numerous rivers 
in the park and caused significant 
damage. 
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Importance of wetlands 

e@ Wetlands provide many benefits, 
including habitat and food for fish, 
flood protection, shoreline erosion 
control, water quality improvement, 
and many opportunities for recreation, 
education, and research. 

e@ Wetlands are also some of the most 
biologically productive natural 
ecosystems in the world. 

@ They provide great volumes of 
biomass and nutrients as leaves and 
stems break down in the water. 

@ The biomass becomes food for many 
animals, including insects, crustaceans, 
and foraging fish, and the nutrients are 
used by wetland plants and algae. 


Ecological services 

e@ Wetlands function as natural tubs or 
sponges, storing water and slowly 
releasing it. 

@ This reduces the likelihood of flood 
damage to crops in agricultural areas, 
helps control increases in the rate and 
volume of runoff in urban areas, and 
buffers shorelines against erosion. 

e@ Wetlands increase the quality of water, 
including that of drinking water, by 
intercepting surface runoff and 
removing or retaining its nutrients, 
processing organic wastes, and 
reducing sediments before they 
reach open water. 


Biodiversity 

@ All wetlands, especially those in the 
tropics, are extremely diverse and 
abundant. 

@ They are highly productive systems 
and often support the ecosystem of a 
much wider area. 

@ The loss of or damage to wetlands can 
have a negative effect on a whole 
region, 


© Diagram Visual Information Ltd. 


© Diagram Visual Information Ltd. 


LAND AND HABITAT 


Key words 


desertification 
ecosystem 


topsoil 


The causes of 

desertification 

@ Desertification is the degradation and 
gradual conversion of healthy, fertile 
soils in arid, semiarid, and dry 
subhumid areas into desert. 

@ Loss of topsoil and soil fertility results 
in a decline in the production of crops 
and livestock. 

@ The problem is often caused by 
excessive pressure being applied to 
delicate soils and ecosystems where 
there is little rain and the soil is 
already fragile. 

@ Desertification mostly arises from the 
demands of increasing numbers of 
people who settle on land in order to 
grow crops and graze animals. 


Impact of desertification 

@ The United Nations Environment 
Program (UNEP) refers to 
desertification as “one of the most 
serious global environmental 
problems.” 

@ Desertification currently threatens the 
health and livelihoods of more than 
one billion people. 

@ These are mostly poor people living in 
rural environments in developing 
countries. 


The Great Plains dust bowl 

@ In the 1930s, parts of the Great Plains 
in the United States were turned into a 
“dust bowl” as a result of poor farming 
techniques and drought. 

@ Millions of people were forced to 
abandon their homes in search of 
more productive areas. 

@ Improved agricultural practices and 
water conservation measures have 
ensured that this has not happened 
in this region again. 


Desertification worldwide 
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The situation in Africa 


@ Desertification has had its greatest 


impact in Africa, where 60 percent 
of the continent is already desert 
or drylands and droughts 
frequently occur. 

@ Over the past 50 years, an area the 
size of Somalia has become desert 
along the Sahel—the southern fringe 
of the Sahara. 

@ Desertification now threatens more 
than 33 percent of the African 
continent. 

@ The Sahel countries are home to 
approximately 22 million people, and 
are particularly vulnerable. 

@ A further 330 million people (more 
than 40 percent of the African 
population) live in areas of high or 
moderate vulnerability. 


Expanding desert 

@ The Sahara Desert extends south by an 
average of three miles every year. 

e Around 180 tons of soil per acre may 
be blown away from denuded land 
around the Sahara every year. 


Causes in Africa 

@ The main cause of desertification in 
Africa is not drought but the 
mismanagement of land. 

@ Overgrazing and the felling of trees 
and brushwood for fuel are prime 
causes. 


Worldwide desertification 

@ Susceptible drylands cover around 
40 percent of Earth’s surface. 

@ Desertification puts at risk more than 
one billion people who are dependent 
on these lands for survival. 

@ More than 25 percent of Earth’s land 
surface has already suffered erosion 
and soil degradation. 
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Climate change 

@ Recent shifts in world climate have 
caused many parts of the world to 
become much drier. 

@ Prolonged periods of drought mean 
that vegetation dries out and dies. 


Water and wind erosion 

@ Without plants to hold and bind the 
soil together, it dries up and becomes 
vulnerable to erosion. 

@ As the soil turns to dust it can be 


blown away, leaving the land degraded. 


e Sudden rainfall then washes away any 
remaining nutrients. 


Farming and irrigation 

@ Intensive farming on drylands can be 
very damaging to the soil structure 
and helps speed up degradation. 

@ Salinization of soils often results 
from irrigation, which further 
damages the land. 

e@ The combined effects of natural 
elements and human activity 
eventually exhaust the land. 

@ The degraded land that results is 
ultimately left to the process of 
desertification. 


Preventing land 

degradation 

@ Degradation of land can be prevented 
or slowed in a number of ways. 

@ In farms, more efficient use of 
irrigation and water resources, and the 
control of salinization are effective 
means of improving arid lands. 

@ Wind velocity can be reduced over 
the soil surface by planting more trees 
and shrubs. 

@ This also helps bind the soil together, 
further reducing the risk of 
degradation. 


Land degradation in 
dryland regions 


Land degradation in dryland regions 
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Soil degradation in poor 

countries 

@ Soil degradation is a common feature 
of landscapes in developing and poor 
nations. 

@ For many countries in Africa, Asia, 
and South America, the combination 
of poverty and climate results in soils 
becoming exhausted of nutrients 
and minerals and often contaminated 
with pollutants. 

e@ Degradation of soils also occurs where 
intensive farming methods have been 
used or population densities are very 
high and the demands on the soil 
are great. 

@ The soils become exhausted because 
they are too often used for growing 
crops and never given the chance to 
recover. 


Chemicals 

@ In many countries, chemicals in the 
form of herbicides, pesticides, and 
fertilizers are continually applied 
to soils. 

@ The overuse of chemicals in this way 
can cause massive soil damage, 
rendering it infertile. 

@ Additionally, watering by irrigation 
tends to bring salts to the surface of 
the soil. 

@ Excessive salts can literally sterilize the 
land; if this happens the land must be 
abandoned. 

@ Other symptoms of salinization are 
less obvious but usually result in 
reduced crop yields. 


Worldwide problem 

@ The maps show the global nature of 
the problem: very little populated land 
can now be classified as stable. 
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@ The irrigation of agricultural land is 
practiced in many parts of the world, 
although only about 17 percent of all 
croplands are under irrigation. 

e eee this small proportion of land 45% 
produces more than 33 percent of the water effectively used by crops 
world’s food. 

@ About 70 percent of all freshwater 
used every year throughout the world 
is used for agricultural irrigation. 

@ Less than half of the water withdrawn 
for irrigation reaches the intended 
crops. 

@ The rest soaks out of pipes into 
unlined irrigation canals, or evaporates 
on its way to the fields. 


Surface irrigation 

@ Surface irrigation is one of the oldest 
and most traditional methods. 

@ It involves the use of ditches and 
channels to drain and direct water 


Types of irrigation 
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Sprinkler irrigation 

@ Sprinkler irrigation uses a device to 
sprinkle or spray water onto the crop. 

@ This is more efficient than surface 
irrigation but still loses a lot of water 
to evaporation. 


Direct irrigation 

@ In direct irrigation a water supply is 
applied direct to the crop in order to Direct irrigation Localized irrigation 
conserve as much water as possible. 

@ Small pipes lead from a larger conduit 
and drip water to the roots of the 


plants. 


Localized irrigation 

@ Localized irrigation involves the slow 
release of water from a buried 
container near the roots of the plant. 


Trends tn Irrigation 


Irrigation trends 
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Irrigation 


@ Irrigation involves the conveyance of 


water from a source of supply to an 
area of land where it is needed for 
the cultivation of crops. 

e@ In recent years there has been an 
increase in the use of irrigation to 
facilitate cultivation in arid and 
semiarid regions. 

e Between 1970 and 1990 the total 
area of irrigated land in the world 
rose by 36 percent and today it 
accounts for almost six percent 
of all cultivated land. 

@ Irrigated agriculture is highly 
productive and provides more than 
33 percent of the world’s food. 

@ Crop yields on irrigated land are 
significantly higher than those 
achieved on rain-fed lands with similar 
soils and similar climatic conditions. 

@ It is unlikely that there will be a 
significant expansion of irrigated land 
in the future, mainly due to a shortage 
of suitable available water. 

@ The current emphasis is on increasing 
the efficiency of irrigation methods, 
which, through leakage and 
evaporation, often result in the loss of 
up to 60 percent of water. 


Sources of irrigation water 
@ In semiarid and arid regions irrigation 
systems rely on the import of surface 

water. 

@ Water is drawn from rivers and 
reservoirs in surrounding areas where 
rainfall is high and transported by 
pipeline. 

@ Groundwater may also be a suitable 
source of supply, depending upon 
availability and the cost of pumping it 
to the surface. 

@ Groundwater must be well managed, 
especially in coastal regions where a 
drop in the level of the water table will 
cause an influx of seawater to 
groundwater aquifers. 
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Salinization 
@ Salinization is the build-up of salts 
in the soil. 


@ It occurs mainly in areas where 
excessive quantities of water have 
been applied to the land, usually by 
irrigation. 

@ The water dissolves salts beneath the 
soil and brings them to the surface as 
Z eae a process called | preered cals 

@ The salt levels at the surface of the soil 
therefore increase each time the land 
is irrigated. 4 

@ This salinization eventually interferes The total area of saline soils is about 980.5 million acres worldwide. 
with the crops and can cause the land 
to become sterile. The salinization problem 


The problems 

@ High levels of salts in the soil prevent 
the roots of plants from acquiring 
nutrients by osmosis (1). 

@ This is because the water outside the 
roots has a higher concentration of 
solute than that inside. 

@ As a result the plants lose water (2) 
and are unable to feed from the soil; 
eventually they die (3). 

@ Also, the salts kill off beneficial soil 
microorganisms (4). 

@ Salt levels of 3,000-6,000 parts per 
million are enough to have an adverse 1 Salt rises with water. 2 Osmosis in plant cells is halted or 
effect on most cultivated plants. reversed. 


The solutions 

@ The salts originate from deep within 
the ground and from rainwater. 

@ When salinization occurs the only 
solution is to flush the soil with 
more water so that the salts are 
transported away. 

@ This requires large amounts of 
freshwater and may result in the salts 
contaminating local rivers and lakes. 

@ Globally, about 20 percent of irrigated 
farmland is affected by salinization. 


3 Plants begin to die. 4 Beneficial microorganisms are killed. 
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History of pollution 

@ During the last 50 years global 
consumption of commercial energy 
has risen more than fourfold, far 
outpacing the rise in population. 

@ Industrial and chemical pollutants are 
predicted to increase if the global 
economy expands, as expected, four- 
or fivefold over the next 50 years. 


Fossil fuels 

@ The extraction and use of fossil fuels 
has caused extensive land and sea 
pollution. 

e Disasters such as the Exxon Valdez oil 
spill in 1989 have had a grave impact 
on the environment. In that spillage 
11 million gallons (41.8 million 1) of 
crude oil were released, contaminating 
1,300 miles (2,080 km) of coastline. 


Chemicals 

@ Many pollutants such as pesticides, 
industrial solvents, and vehicle 
emissions are created by human 
activities. 

@ Fertilizers containing phosphate are a 
major pollutant in watercourses and 
cause the overproduction of algae and 
waterweeds. 

e Other pollutants, including arsenic and 
ultraviolet radiation, occur naturally in 
the environment, though they are 
often increased by human activities. 


Diseases linked to 

pollution 

e@ Many diseases are linked to 
environmental problems such as 
polluted drinking water, polluted air, 
poor waste disposal, and exposure to 
mosquitoes and other carriers of 
disease. 

@ An estimated three million premature 
deaths, mainly from acute and chronic 
respiratory infections, are now being 
attributed to pollution each year. 
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World primary energy production by source, 2002 


Global energy 
@ Global energy production has 
increased nearly 70 percent since 140 
1971, and is projected to increase at 
more than two percent annually for 
the next 15 years. 120 
@ This increase is predicted to raise 
greenhouse gas emissions 50 percent 
higher than current levels unless a 
concerted effort takes place to 100 
increase the energy efficiency of 
fossil fuels. 
@ Scientists believe that an increase of 8 


(3) 


this amount of greenhouse gases will 
speed up climate change and global 


warming. 
6 


[o) 


@ Fossil fuels account for about 
80 percent of the world’s primary 
energy consumption and supply 
roughly 90 percent of the world’s 4 
commercial energy requirements. 


(=) 


Kyoto Protocol : 
@ At the Earth Summit in Rio de Janeiro e 
in 1992, world leaders agreed that 
emissions of greenhouse gases = J 
needed to be reduced in order to J : 
ol h crude oil coal natural hydroelectric nuclear geothermal 
compat clmate Change. and NGPL gas power electric power and other 


@ In 1997 in Kyoto, Japan, it was agreed oo 
that 1990 levels of greenhouse gas ft i Q 
emissions should be cut by five ee 
percent between 2008 and 2012. . 4 


@ This agreement was then named the 
kyoto Protocol. 


@ The five percent reduction was set as a Kyoto Protocol signatories, 2005 


global aim and different countries country that 


has ratified 
the treaty 


were given different targets. 
@ The United States was set a target of 


seven percent and the European aN ; ier = country that 


aa ce has signed 
nion eight percen with ratification 


pending 


@ The Kyoto Protocol came into effect 
on February 16, 2005. aue ‘ . ee 
@ The United States—the world’s biggest ‘ Ty fe 


has signed 
but declined to 
ratify the treaty 


= country that has 

neither signed 

/ nor ratified the 
treaty 


producer of greenhouse gases—has as 
yet refused to ratify the treaty, citing 
economic reasons. 


Carbon dioxide 
emissions 


Carbon dioxide emissions, 2002 
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Carbon dioxide 


@ Large quantities of carbon enter the 


atmosphere each year as a result of 
the burning of carbon-based fuels. 

e@ These fuels are mainly coal, natural 
gas, and oil. 

@ On average, coal combustion emits 
about twice as much carbon dioxide 
(CO,) as natural gas; oil levels lie 
in-between. 


Future impact 

@ Energy-related emissions account for 
more than 80 percent of the carbon 
dioxide released into the atmosphere 
each year. 

@ If all economically recoverable 
conventional fossil fuel were burnt 
over the next 100 years, this would 
lead to long-term global warming of 
more than 6.3°F (3.5°C). 


Carbon from the United 

States 

@ The United States currently leads the 
world in carbon emissions. 

e@ About one third of carbon emissions 
caused by humans in the United States 
comes from motor vehicles, another 
third from electricity power plants, 
and the final third from households 
and commercial sites. 

@ In 2002 the United States emitted 
about 6.4 billion tons of carbon 
dioxide, which was 0.8 percent 
higher than in 2001. 

@ U.S. carbon dioxide emissions have 
grown by an average of 1.2 percent 
annually since 1990. 
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Waste production 

@ The European Environment Agency 
estimates that Europe produces more 
than 250 million tons of municipal 
waste each year and more than 
850 million tons of industrial waste. 

@ Since 1985 it is estimated that the 
annual average rate of increase of 
these wastes in the OECD European 
area is about three percent. 


Waste disposal 

e@ Two of the most common methods of 
disposal are landfill and incineration, 
both of which pose serious 
environmental risks if not carried 
out to the highest standards. 

@ Increasingly, more and more waste 
products now contain substances 
recognized to be toxic or highly toxic. 

@ Some wastes, such as polychlorinated 
biphenyls (PCBs), take many years to 
become harmful. Others, such as 
those from the nuclear industry, are 
hazardous from the moment of their 
production and will remain so forever. 

e@ Improper management and illegal 
dumping of waste, particularly 
hazardous and toxic waste, pose 
increasing threats to the environment 
and human health. 


Dangerous pesticides 

@ In many countries of the world there 
are dumps of dangerous and obsolete 
pesticides, which frequently expose 
communities to poisons in the air, 
food, and water. 

@ To date, just 3,500 tons have been 
removed from Africa and the Eastern 
Mediterranean at a cost of $24 million. 

@ It is estimated that a further 20,000 
tons remain in Africa, 80,000 in Asia 
and Latin America, and up to 200,000 
tons in Eastern Europe. 


Industrial and hazardous 
waste 


Industrial waste in OECD countries, 2000 
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Nuclear waste from spent fuel, 2000 
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Heavy metal production ranked in order of toxicity 
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Industrial pollution 

e@ Since the Industrial Revolution, textile, 
steel, glass, and soap manufacturers 
have all been dependent on readily 
available basic chemicals such as 
sulfuric acid and the alkali sodium 
carbonate. 

@ Our present standards of living would 
be impossible without power 
generation and the industries that 
manufacture such materials as steel, 
nonferrous metals, and chemicals. 

@ However, these processes have had a 
profound effect on the environment 
and human health. 

@ Earth’s soil, atmosphere, and water are 
permeated with waste metals and 
organic chemicals that reach us 
through our food, drinking water, and 
the air we breathe. 


Chlorine 

@ One chemical that has had a 
particularly strong impact on the 
environment is chlorine. 

@ The chlorine industry grew rapidly 
following World War II, with products 
such as pesticides, solvents, dry 
cleaning fluids, and PVC plastic. 

@ In the 1960s and 1970s it was 
recognized that many chlorine 
compounds were toxic and had high 
environmental persistence. 


Chlorine in pesticides 

@ Pesticides have always represented a 
small, but significant proportion of 
world chlorine production. 

@ The deliberate release of pesticides 
increases their environmental impact. 

@ Pesticides still contain chlorine and 
many of the more damaging, such as 
DDT and Dieldrin, are now banned in 
most developed countries. 
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The relentless increase in dangerous chemicals 


Production and importation of dangerous chemicals relative to GDP in the 
European Union, end of twentieth century 


What is hazardous waste? sa 


e Although precise definitions vary, 
hazardous waste is essentially waste 
that contains dangerous properties 
that may render it harmful to human 
health or the environment. 

@ Hazardous waste includes wastes that 
are toxic, poisonous, explosive, 
corrosive, flammable, and infectious. 

e@ Worldwide, more than 440 million tons 
of hazardous waste are generated each 
year, three quarters by OECD 
countries. 


Waste production 

@ The main sources of hazardous waste 
are chemical production, energy 
production, pulp and paper factories, 
mining industries, and leather and 
tanning processes. 

@ About 75 percent of pesticide use and 
hazardous waste generation occurs in 
developed nations. 
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Most hazardous 
substances 


e@ Some of the most hazardous 


en 
(oe) 


substances are arsenic, lead, mercury, 
vinyl chloride, benzene, 
polychlorinated biphenyls (PCBs), 
and cadmium. 

@ Arsenic is used specifically because of 
its toxic properties: its main uses are 
in insecticides, fungicides, and sheep 
and cattle dips. 

@ The use of arsenical compounds has 
been greatly reduced over the years in 
favor of less persistent and less toxic 
synthetic organic compounds. 


Nuclear problem 
@ Perhaps the most potentially damaging 


: ©) 
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@ Since the 1960s, more than 200,000 
tons of spent nuclear fuel have been 
produced by 400 reactors in 31 EU GDP mmm EU production and import mum total EU production of 
countries and every year 10,000 tons of dangerous chemicals and chemicals (volume) 


chemicals of concern 
are added. 


Disposal of hazardous 
waste 


Waste disposal growth, 1960-2005 
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Waste disposal methods 

@ There are four basic methods of waste 
disposal: incineration, landfill, 
dumping at sea, and recycling. 


Incinerators 

@ Incinerators reduce the volume of 
solid waste, but they do not make the 
problem of toxic substances in the 
waste disappear. 

@ Incinerators emit a wide range of 
pollutants in their stack gases, ashes, 
and other residues; for example, they 
are still the primary source of dioxin 
pollution worldwide. 


Landfill 


@ Landfill is not a completely safe 
disposal strategy for toxic and 
radioactive wastes. 

@ Many types of waste are capable of 
producing large quantities of methane, 
a potent greenhouse gas. 

@ The environmental disadvantages of 
the burial of nuclear waste include the 
spread of radioactivity into the 
surrounding environment. 

@ Obsolete weapons are another source 
of hazardous waste, particularly nerve 
gas, chemical weapons, and nuclear 
weapons that were never designed 
with safe disposal in mind. 


Dumping at sea 

@ The oceans have long served as a 
dumping ground for waste, but direct 
dumping at sea is one of the fastest 
ways for toxic compounds to enter the 
food chain. 


Recycling 

@ Recycling is the most ecologically 
friendly way of processing hazardous 
wastes. 

@ Many types of waste can now be made 
safe using modern processes. 
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The Toxics Release 

Inventory 

@ The Toxics Release Inventory (TRI) 
is a publicly available database run 
by the Environmental Protection 
Agency (EPA). 

@ It contains information on toxic 
chemical releases and other waste 
management activities that must be 
reported annually by manufacturing 
facilities. 

@ The goal of the TRI is to provide 
information that will enable the public 
to hold companies and local 
governments accountable for the 
management of toxic chemicals. 


Expanding coverage 

e@ The TRI program has expanded greatly 
since it began in 1987. 

@ There are plans to expand the number 
of toxic chemicals and chemical 
compounds on the list to 650. 

@ Facilities must report the quantities of 
each chemical that they have released 
into the air and water or onto the land 
each year. 

e New industrial areas have been added 
to expand coverage beyond the 
industries originally covered . 

@ The reporting thresholds for certain 
pesticides with toxic and 
bioaccumulation properties 
have also been reduced. 


Results from the TRI 2003 


@ In 2003, 23,811 facilities reported to 
the TRI Program. 

@ These facilities reported 4.44 billion 
pounds of on-site and off-site disposal 
of the almost 650 toxic chemicals. 


The Toxics Release 
Inventory 


Toxics Release Inventory 
Total disposals and other releases by type, 2003 
metal mining 28% 


electric utilities 24% 


chemicals 12% all others 15% 


paper 5% 


primary metals 11% 
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Annual total disposals and other releases, 1988-2003 
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Spending on pollution 


control 


Pollution abatement and control 


Expenditure on pollution abatement and control by country, 1999 
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Pollution abatement 


@ Pollution abatement and control (PAC) 


activities are defined as procedures 
aimed at the prevention, reduction, 
and elimination of pollution. 

@ They are generally undertaken by the 
public sector, business sector, and 


private households as a direct result of 


legislation to reduce pollution. 

@ Pollution abatement excludes 
expenditure on natural resource 
management and nature protection. 

@ Collectively, however, these are all 
referred to as “environmental 
protection.” 


Types of expenditure 

@ There are a number of different ways 
of investing in pollution abatement 
measures. 

@ Investment expenditure is a measure 
of money spent on equipment and 
land used for pollution abatement. 

@ Internal expenditure is the cost of 
using energy, materials, and 
specialized personnel in an effort to 
protect the environment. 

@ Sometimes the by-products of 


pollution abatement processes have an 


economic value and can be sold to 
reduce the overall cost of the process. 


Abatement in the 

United States 

@ Pollution abatement capital 
expenditures in the United States 


amounted to $6 billion annually by the 


end of the twentieth century. 

@ Of this, $3.5 billion was attributed to 
air, $1.8 billion to water, $362 million 
to solid waste, and $182 million to 
multimedia. 
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Moving hazardous waste 

@ Trade in hazardous wastes has become 
a global problem demanding global 
solutions. 

e About a tenth of all the hazardous 
waste generated around the world 
each year crosses national frontiers. 

@ A large proportion of this waste 
continues to move from OECD 
(industrialized) countries to non- 
OECD (developing) countries, 
where disposal costs are lower and 
procedures usually subject to less 
regulation. 


Illegal trade in waste 

@ Officially, less than 1,000 tons of 
hazardous waste per year is traded to 
developing nations. 

@ However, illegal traffic in waste poses a 
severe threat to the environment and 
human health. 

@ There have been cases of the large- 
scale illegal trafficking of hazardous 
wastes that also involved money 
laundering and illegal arms trading. 

@ There have also been cases of ships 
transporting hazardous waste sailing 
around the world in search of ports 
to discharge their cargoes at. 


Basel Convention 

@ This “toxic trade” led to the creation 
by the UN of the “Basel Convention on 
the Control of Transboundary 
Movements of Hazardous Wastes and 
Their Disposal,” which came into force 
iia ISISy2, 

e@ Two groups of hazardous chemicals, 
heavy metals and persistent organic 
pollutants (POPs), receive particular 
attention. 

@ Although the emissions of some of 
these substances are falling, their 
concentrations in the environment 
remain cause for concern. 


International movement 
of hazardous waste 


Transboundary movement of hazardous wastes 


457,000 tons 


1,873 tons 


31,000 tons ' 
® 276 tons 15,100 tons 
Destination 
not reported 


Example gross tonnage figures are from 1997. 
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Seepage and leakage 
Urban landfill 


water table 


groundwater landfill leakage and seepage of organic 


compounds and other contaminants 

Landfill sites 

@ Landfill sites are depressions excavated 
in the ground into which wastes are 
deposited. 

@ It is necessary to situate landfill sites in 
the correct locations to prevent waste 
from escaping, and to avoid any 
connection between the waste and the 
surrounding environment, particularly 


Sewer line leakage groundwater. 


e Landfill sites are usually constructed 


water table | groundwater sewer line leakage of nitrogens and 


pathogens 


on top of solid impermeable bedrock 
to minimize the damage if seepage 
does occur. 

@ It is also important not to situate 
landfill sites on top of mines or 
quarries, since these frequently 
contact groundwater and can act 
as conductors of pollutants. 

@ Landfill sites can be artificially 
sealed to contain wastes using clay, 


Agricultural seepage plastic, or composites. 


water table | groundwater drainage system seepage of nitrogen and 


pesticides Seepage and leakage 


@ Leakage of pollutants can occur when 
the landfill container develops holes or 
cracks, allowing waste material to 
escape into the environment. 

@ Seepage takes place when pollutants 
escape because the lining material of a 
container is porous or permeable and 
allows the passage of pollutants. 

@ Gaseous pollutants can seep or leak 
into the environment and behave in a 


Occurrence of seepage and leakage 


A cross-section of a clay-lined 
landfill site on a slope leading 
down to a river illustrates how 
both seepage and leakage can 
occur. — 
ry 
uy groundwater and harm the 


Leakage of pollutants Seepage of pollutants 


similar way to liquids, though they 
may be heavier or lighter than air. 

@ Pollutants underground can permeate 
and even break down bedrock. 
Eventually they may dissolve into the 


environment. 

@ Above ground, liquid pollutants can 
contaminate surface runoff water and 
drain into river systems. 

= @ Certain gaseous pollutants may mix 


(G7 with the air, further adding to 
L 
Yy 


greenhouse gases in the atmosphere. 
Pollutants permeate bedrock 


Gases and liquids leak into the 
atmosphere 


Pollutants may contaminate 
surface water 
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Bioaccumulation 

@ Species at the top of food chains are 
particularly vulnerable to pesticides 
and other poisons as a result of 
bioaccumulation. 

@ Bioaccumulation is a process by which 
chemical contaminants become more 
concentrated in the tissues of 
organisms as they pass higher up the tertiary consumer _—13.8 ppm (parts per million) 
food chain. 

@ Contaminants such as heavy metals 
and pesticides such as DDT are stored 
in the fatty tissues of animals and are 
passed from animal to animal as 
predators hunt and eat their prey. 

@ Eventually, these compounds 
accumulate at dangerous levels at the 
top of the food chain and it is the top 
predators that suffer the most: there is 
abundant evidence that carnivores 


ee >... wa 


such as ospreys, falcons, and eagles, = secondary consumer 2.07 ppm 


have suffered serious declines in \\anne 
fecundity and population size as a 
result of the bioaccumulation of 


environmental poisons. 


Food chain 

@ When marshes are sprayed with DDT 
to control mosquitoes, plankton takes 
up trace quantities of the chemical. 

@ Filter feeders such as clams feed on 
the plankton and take in the DDT, 
which accumulates within them. 


@ Gulls, which feed on the clams, may primary consumer _0.23 ppm 
accumulate DDT levels 40 times 
higher than the amount present in 
their prey. 


Human populations 

e@ Human populations can be affected 
too, particularly indigenous groups 
such as the Inuit, who rely heavily on 
sea mammals for their food. 

e@ Seals, whales, and walruses, which are 
the staple food of the Inuit diet, have 
become deposits for many persistent 
organic pollutants (POPs). These 
collect in the animals’ fat and are producers 


passed on to people as they are eaten. 
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Bioaccumulation at Clear Lake, California 


The western grebe provided the first identification of the process of bioaccumulation in 
food webs. 


a 
0 


—— Gnat control program 

@ In the 1940s and 1950s an estimated 
120,000 gallons of the pesticide DDD 
and methyl! parathion were applied to 


See 


Clear Lake in California in an attempt 
to eradicate the Clear Lake gnat 
(Chaborus astictopus). 

@ DDD is a chlorinated hydrocarbon 
pesticide related to DDT. 

@ The control program failed, with 


ee 
a 


complete resistance to the pesticide 
evolving in the gnats within ten years. 


The western grebe 


ee ee os @ The pesticide had devastating effects 
$a on Clear Lake’s bird population, 
== —_— —_ ——— especially the western grebe 
EE 


(Aechmorphus occidentalis). 

@ The grebe was affected through eating 
lake fish contaminated by the 
pesticides. 

@ Five years after the initial DDD 
applications, 100 grebes were found 


Life cycle of the Clear Lake gnat 


dead in one season. 


) : @ Analysis of their fat tissue revealed 
extremely high concentrations of DDD 
(1,600 parts per million). 

@ Clear Lake fish were found to have 
excessively high DDD concentrations 
adult stage 

of between 40 and 2,500 parts per 
million. 


Population crash 

@ The western grebe populations 
crashed from over 1,000 to 25 
breeding pairs in ten years. 

@ Other fish-eating birds, such as the 
osprey, disappeared entirely. 


Slow recovery 

@ In recent years, attempts have been 
made to clean up Clear Lake. 

@ By 1999, 20 pairs of grebes had again 
nested at Clear Lake, along with bald 
eagles. 

larval stage 


e Large amounts of DDD remain in the 
pus LT, 
ES ate 


<H 4 
gua By a Pe a = 


egg stage 


lake, but are buried beneath layers of 


sediment. 
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Kaneohe Bay 
e Kaneohe Bay on the island of Oahu, 
Hawaii, was once known for its 


thriving, highly diverse coral reefs. 

@ After 1945, the human population 
increased tenfold and sewage 
discharge into the bay led to a huge 
increase in the nutrient content of 
the water. 


Eutrophication 

@ High nutrient levels in the bay led to 
“green bubble algae” (Dictyosphaeria 
cavernosa) spreading rapidly over the 
coral and caused extensive mortality. 

@ This process, by which bodies of water 
become enriched with dissolved 
nutrients, is called eutrophication. It 
results in an increased growth of algae 
and other microscopic plants. 

@ Filter-feeding organisms multiplied as 
a result of the increased plankton. 

@ Many of these organisms bored into 
the calcium carbonate of the coral 
causing further degradation and 
breakdown of the reef. 

@ As a result of the death of large parts 
of the reef other organisms that relied 
upon it for food and shelter died off. 


Sewage diverted 

@ The sewage was eventually diverted to 
offshore discharge sites, which has 
reduced the amount of organic 
material entering the bay. 

@ Some areas have now recovered, 
though nutrient sediments were still 
relatively high in 2001 because more 
people were living in the bay area 
by then. 

@ Corals require the cleanest water 
quality of any coastal system and have 
evolved to live in water that is low in 
nutrient levels. 

@ Any artificial rise in nutrient levels 
from sources such as sewage can 
cause significant damage. 


Bioaccumulation: 
Kaneohe Bay, Hawall 
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The bubble alga Dictyosphaeria cavernosa 
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Metal concentrations: 


the Rhine 


Sources of metal pollution in the Rhine 
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The Rhine 


@ The Rhine is the longest river in 


western Europe, measuring 
approximately 820 miles (1,320 km). 

@ It begins at the Rheinwaldhorn Glacier 
in the Swiss Alps and flows through or 
borders on Switzerland, Liechtenstein, 
Austria, Germany, France, and the 
Netherlands, before entering the 
North Sea at Rotterdam. 

@ Its important tributaries are the Aare, 
Neckar, Main, Moselle and Ruhr rivers. 

@ The population of the Rhine basin is 
approximately 50 million people. 


River pollution 

@ The Rhine and its tributaries are 
polluted by a number of heavy metals, 
including cadmium, copper, mercury, 
lead, and zinc. 

@ This pollution comes from towns, 
cities, and industries on the banks of 
the river in Switzerland, France, 
Germany, and the Netherlands. 

@ The Rhine is also polluted by fertilizers 
that have been responsible for high 
levels of nitrogen and phosphorous 
in the water. 

@ By 1975 biologists could find only 29 
species of fish remaining in the Rhine. 

@ Salmon had been completely absent 
since 1958. 


Recovery 

@ Between 1983 and 1997, total heavy 
metal loads decreased, mainly due to 
reduced industry emissions in 
Germany. 

@ This followed the introduction of the 
“Rhine Action Plan against Chemical 
Pollution” adopted by the European 
Community in 1987. 

@ Following the introduction of a project 
to bring salmon back to the Rhine, 
oxygen levels in some areas have 
returned to normal and adult salmon 
have been found. 
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The Great Lakes 


@ The Great Lakes—Superior, Michigan, 
Huron, Erie, and Ontario—and their 
channels form the largest freshwater 
surface system on Earth. 

e Covering more than 94,000 square 
miles (151,000 km?) and draining 
more than twice as much land, they 
hold an estimated six quadrillion 
gallons (23 quadrillion l) of water. 

@ The Great Lakes basin provides 
freshwater for the 33 million people 
who live in the region. The lakes are 
crucial to the local ecosystem and 
economy. 

e@ Combined, the lakes contain around 
one fifth of the world’s surface 
freshwater supply, making them of 
great global importance. 


Pollution factors 

e@ Humans have greatly affected the 
quality of the lake water in recent 
years. 

@ The area has been used as a dumping 
ground for toxic chemicals from 
industry and agriculture. 

@ Pollutants have ranged from sewage 
disposal to industrial toxic 
contamination with heavy metals and 
runoff from agriculture, including 
pesticides and herbicides. 


Suffering wildlife 

@ Wildlife has suffered greatly as a result 
of the pollution. 

e@ Through a process of 
bioaccumulation, these toxic 
substances have moved up through 
the food chain resulting in tumors and 
death for predatory animals such as 
trout, herring, birds, and even 
humans. 

@ Studies in the region have found that 
local cormorants suffer a high 
incidence of crossbilled syndrome and 
terns exhibit birth defects many times 
higher than normal. 


Toxic pollutants in the 
Great Lakes 


Phosphorous concentrations in the Great Lakes 
phosphorus concentrations 
(milligrams per liter) 
[jj 0.010-0.0119 


less than 0.005 
[I 0.012-0.015 


= more than 0.015 


| 0.005-0.0069 


[__] 0.007-0.0099 


Lake Huron 


Lake Michigan Lake Ontario 


Lake Erie 


Organic chemicals in the aquatic food chain 

Persistent organic chemicals, such as PCBs, bioaccumulate. The degree of concentration in 
each level of the Great Lakes aquatic food chain for PCBs is shown in parts per million (ppm). 
The highest levels are reached in the eggs of fish-eating birds such as herring gulls. 
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American rivers 

@ Although pollution levels have fallen in 
recent years, many American rivers are 
still at risk. 

e@ Animals such as the Pacific salmon, the 
Missouri River’s piping plover, and the 
Southwestern willow flycatcher are 
considered indicator species of 
ecological change. 

@ When sensitive animals such as these 
begin to decline it is seen as an 
indicator of the worsening health of 
the whole waterway. 

@ Experts predict that around four 
percent of freshwater species will 
become extinct every ten years. 

@ At this rate of extinction North 
America’s rivers are losing species as 
fast as the tropical forests. 


The Susquehanna River 

e@ American Rivers, an environmental 
organization, named the Susquehanna 
River in New York, Pennsylvania, 
and Maryland as the most endangered 
in 2005. 

@ The main threats to this river are 
thought to be sewer pollution and 
dam construction. 

@ Over the entire Susquehanna River 
basin, sewer systems empty large 
quantities of raw or poorly treated 
sewage into the waterways. 

@ It is thought that unless more money 
is invested in prevention and cleanup, 
the Susquehanna River and 
Chesapeake Bay into which it drains, 
will eventually become a dead zone. 


Other rivers under threat 

@ McCrystal Creek, New Mexico is 
threatened by coal bed methane 
drilling operations. 

@ More than half of the water from 
Fraser River, Colorado has been 
pumped away to help fuel 
development elsewhere. 
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Eutrophication 

@ In cases of eutrophication, bodies of 
water become so rich in nutrients that 
natural wildlife cannot survive. 

@ High levels of nutrients in the water 
provide food for algae and foreign 
species. 

@ As the algae die and decompose, 
high levels of organic matter and 
decomposing organisms starve the 
water of available oxygen. 

@ This causes the death of fish and 
other wildlife. 

@ Eutrophication is a slow and natural 
process, but human influence greatly 
accelerates it, often causing much 
environmental damage. 


Farming 

@ One common cause of eutrophication 
is intensive farming, in which 
inorganic fertilizers rich in very soluble 
nitrates as well as phosphates and 
potassium are widely used. 

e@ When it rains, these chemicals are 
washed over and through the soil into 
nearby waterways. 

@ The unnaturally high levels of 
nutrients in the water cause excessive 
algal growth, which has detrimental 
effects on other wildlife. 

@ This can be avoided by the use of 
organic fertilizers and manures, which 
are high in nutrients but less 
destructive to the environment. 


Sewage 

@ Untreated sewage is a good source of 
food for microorganisms that thrive on 
decaying matter. 

@ When sewage is pumped directly into 
a river or lake, these organisms 
multiply causing eutrophication. 

@ Proper treatment of sewage is required 
before it is discharged into rivers to 
prevent this. 


Eutrophication 


Eutrophication 


Water rich in oxygen 


Water with few nutrients is rich in oxygen and 


supports a variety of animal and plant life. 


Water low in oxygen due to eutrophication 


sunlight penetrates deep 
into the water, thus allowing 
water plants to grow 


Water with high concentrations of nutrients is low 
in oxygen, and few animals or fish can live in it. 


algae and bacteria 
grow in this area 


no plants grow here 
as light cannot 
penetrate the water 


runoff from fertilizers, 
animal waste, and silage, 
which contains nitrates 
and other nutrients 


Nuclear waste disposal 


Nuclear waste 


A nuclear fuel route 
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Radioactive waste dumped at sea around the United States, 1946-93 
(PBq=Petabecquerel [Peta=10 to the power of 15]) 


Northeast Pacific 
0.55 PBq 


e Northwest Atlantic 


Proposed Yucca Mountain Repository 


° Yucca Mountain has been 
potential repository approved as a repository for 
nuclear waste in the United 
States. 

° The repository will be 
approximately 1,000 feet 
(300 m) below the top of the 
mountain, and 1,000 feet 
(300 m) above the water table. 

° This will limit the risk of water 
reaching the waste and carrying 


_=———[S = radioactive material to the 
water table waliey tells 
¢ It will be able to store about 
70,000 tons of nuclear waste. 


2,000 feet 


eee =F 
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Nuclear waste problem 

@ Since the 1960s, more than 200,000 
tons of spent fuel have been produced 
by more than 400 reactors in 31 
countries. 

@ Each year another 10,000 tons are 
added and it is estimated that by 2050, 
production will have risen to 450,000 
tons. 


Waste disposal on land 

@ One method of disposing of nuclear 
waste is burial. 

e@ The most accepted method is to 
package the waste into canisters of 
corrosion-resistant metals, such as 
stainless steel or copper, and to bury 
these in stable rock structures deep 
underground. 

e However, it is well known that if a leak 
occurred, the environmental 
consequences would be catastrophic. 

@ Some radioactive elements have a half- 
life of up to 100,000 years, so in the 
event of a disaster, contamination 
would be irreversible and permanent. 

@ Other methods considered for 
disposal include polar ice sheet burial, 
hot rock disposal, and launching waste 
into space. 


Waste disposal at sea 

@ Disposal of nuclear waste at sea was 
allowed for 48 years until it was 
banned by the London Convention on 
Dumping in 1993. 

e During this time, 14 countries used 
more than 80 sites to dispose of 
around 85 Petabecquerel (PBq) of 
radioactive waste. 

e@ Around 53 percent of the dumped 
waste was Classified as low level 
packaged waste. 

@ Another 43 percent of the nuclear 
waste was associated with the 
dumping of reactors and spent 
nuclear fuel. 
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Toxic waste dumps on land 


e@ Europe produces more than 


2.5 million tons of solid waste a year. 

@ Most countries still use landfill sites to 
dispose of their waste. 

@ Landfill sites are possible sources of 
toxic chemicals and produce large 
quantities of methane gas. 

@ They must be managed so that 
pollutants do not seep into 
groundwater. 


Tires 

@ Tires are a major problem as they are 
virtually non-degradable and spread 
noxious fumes when burned. 

e@ Western Europe, the United States, 
and Japan produce around 580 million 
tires a year. 

@ Often, tires are left in huge dumps 
because they are almost impossible to 
recycle or destroy safely. 

@ These tire dumps are serious fire 
hazards since once alight they can 
take years to extinguish. 


Toxic waste dumping 

at sea 

@ Large quantities of oil, plastics, and 
other debris including chemical 
contaminants are dumped or 
discharged at sea. 

@ The main source of marine pollution 
is from land-derived pollutants such 
as industrial effluent and sewage and 
to a lesser extent from sulfur and 
nitrogen oxides returning to the sea 
from the rain. 

@ Other sources are oil and gas 
extraction and mining, garbage, 
industrial waste, and waste associated 
with the deliberate or accidental 
discharge of oil. 

@ High levels of organic matter 
discharged into the sea can cause the 
eutrophication of coastal waters and 
damage to the environment. 


Toxic waste disposal 


Sources and methods of land pollution 


Sources Methods 


Agriculture 
Mining and quarrying 


build-up of animal manures 
excessive input of chemical fertilizers 


tainted crops dumped illegally on land 


blowing up mines with explosives 
using machinery that emits toxic by-products 


leakage to ground 


Sewage sludge E> leakage into soil owing to improper sanitation 


Dredged spoils ME soil infertility caused by improper methods of 
dredging on fertile land leaving soil more prone 
to external pollution 

Household 
improper systems of sanitation 


Demolition and a> rubble and debris which is non-biodegradable 
construction : : ‘ : 
undergo chemical reactions, and increase soil 


toxicity if not settled in the soil 


ae > toxic or poisonous emissions of unfiltered or 


neutralized gases 


accumulation of waste owing to improper 
disposal systems 


Nutrient pollution 


Pollution of the seas by nutrients is a serious problem. Dissolved inorganic nitrates and 
phosphates from municipal sewage plants, agricultural runoff, and industrial effluent all enter 
coastal waters, where they can cause sudden explosions in populations of algae. The algae 
in turn can produce toxins that affect fish or shellfish, and reduce the oxygen content of 
water, stressing marine organisms. The main inputs of inorganic nutrients into the Northeast 
Atlantic for 1995 are shown in the table below. 


Sources of nutrient pollution 


country [———— Phosphorus (tons) ————__ ->———— nitrogen (tons) ————_ 


sewage agriculture industry sewage agriculture industry 


Denmark 2,700 50,000 1,200 


Germany 9,900 13,500 4,500 148,500 270,000 40,500 


Norway 9,960 8,450 1,500 


Switzerland 1,000 17,000 1,000 


NI = No Information available 


Sewage pollution 


Sewage as pollution 


Main constituents of sewage 
Concentration milligrams per liter 
(0) 50 100 150 200 250 300 350 400 450 500 550 


suspended 


solids 200-500 mg/I| 


organic 
compounds 200-550 mg/I 


nitrogen 
phosphorus 
chlorine 


fats 100-200 mg/l 


bacteria a 1-40 x 10° mg/I 


0.0009 0.0018 0.0028 0.0037 0.0046 


ree : ounces per gallon 
minimum maximum 


Heavy metals in sewage 


Concentration milligrams per liter 
0.1 ‘ 0.3 0.4 0.5 0.6 0.7 


arsenic 
cadmium < 0.02 mg/I 


chromium | | 0.1-0.5 mg/I 


copper | | 0.2-0.5 mg/l 


lead {| 0.08-0.4 mg/I 


nickel < 0.02 mg/| 


silver < 0.02 mg/I 


zinc 


0.0000009 0.0000046 


ounces per gallon 
[| minimum a maximum (where known) 
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Sewage pollution 


@ Sewage is defined as waste matter 


from domestic or industrial 
establishments that is carried away in 
sewers or drains. 

@ It is usually 99 percent water with one 
percent impurities amounting to 
around 0.01 ounces per gallon 
(1,000 milligrams per liter). 

@ Many countries release quantities of 
sewage directly into water bodies. 

@ For example, it is estimated that 
roughly 300,000 gallons (1.1 million 1) 
of raw or partially treated sewage is 
discharged into the sea around the 
coastline of the United Kingdom 
every day. 

e@ The natural system can easily cope 
with small quantities of sewage 
containing fecal matter and other 
organic components. 

@ However, high concentrations of 
industrial and domestic waste 
entering the freshwater and marine 
environment can disrupt and damage 
ecosystems. 


Sewage treatment 

@ The sewage treatment process 
removes impurities so that the 
remaining waste water can be safely 
returned to the river or sea and 
become part of the water cycle again. 

@ A sewage treatment plant separates 
solids from liquids by physical 
processes and then purifies the liquid 
using biological processes. 


Risks to health 


@ In some countries there is insufficient 
treatment of sewage, or sewage 
treatment plants may occasionally 
break down and be unable to cope 
with large volumes of wastewater. 

@ When this happens, toxins and 
pathogens may be introduced to 
drinking water, with possible 
health risks. 
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Water as an industrial 

coolant 

@ The main cause of thermal pollution is 
the use of water as a cooling agent for 
industrial facilities such as nuclear 
power plants. 

@ About half of all water withdrawn in 
the United States each year is used for 
cooling electric power plants. 

@ Often the easiest and cheapest 
method is to take water from a 
convenient body of surface water, pass 
it through the plant, and return the 
heated water to the same body of 
water where it can cause damage to 
entire ecosystems. 


Deforestation and soil 

erosion 

@ The deforestation of shorelines also 
contributes to thermal pollution. 

@ Deforestation increases soil erosion, 
which makes water muddy; this in 
turn increases the amount of sunlight 
absorbed, which raises the 
temperature of the water. 


The consequences 

e As water gets warmer, the amount of 
oxygen dissolved in it decreases while 
the rates of photosynthesis and plant 
growth increase. 

e@ Warmer water causes aquatic 
organisms to increase their respiration 
rates and consume oxygen faster. 

@ It also increases their susceptibility to 
disease, toxins, and parasites. 

@ For example, heated water discharged 
into shallow water near the shore of a 
lake can disrupt spawning and kill 
young fish. 

@ Higher seawater temperatures can 
destroy coral reefs through a 
phenomenon known as bleaching. 

@ A small but sudden rise in water 
temperatures can directly kill plants 
and animals and damage fragile 
ecosystems. 


Organism 


Critical water 
temperature 


Effect 


Organism 


Critical water 
temperature 


Effect 


Organism 


Critical water 93.2-118.4°F (34-48°C) 


temperature 


Effect 


algae 


93.2°F (34°C) 


major change in 
community structure 


copepods 


95-104°F (35-40°C) 


mass mortality 


fish 


death 


Thermal pollution 


Direct effects of heat discharges on marine life 


mangroves 


100.4°F (38°C) 


reduction in 
photosynthesis 


corals 


95-104°F (35-40°C) 


high mortality 


Environmental impact 
assessment 


Environmental impact assessment (EIA) 


This flowchart for an environmental impact asessment of macroeconomic reforms, devised 
by the World Wildlife Fund/World Wide Fund for Nature (WWF), shows the environmental 
impact of certain fiscal reforms. 


e monitoring ability 


environmental externalities: 

e deforestation, soil contamination, loss of biodiversity 
e@ diminished sustainability of economic growth strategy 
e@ weakened resistance to external shocks 

@ increased social instability 
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Sustainable development 


e@ Economic, social, and environmental 


changes are inherent in the 
development of nations and societies. 

@ While development aims to bring 
about positive change, it can also lead 
to conflicts. 

@ In the past, the promotion of 
economic growth as the motor for 
increased wellbeing was the main 
priority of development, with little 
sensitivity to adverse social or 
environmental impact. 

@ The need to avoid adverse effects and 
to ensure long-term benefits led to the 
concept of sustainability. 

@ Sustainability has become accepted 
as an essential component of 
development if the aim of increased 
wellbeing and greater equity in 
fulfilling basic needs is to be met for 
this and future generations. 


Environmental impact 

assessment 

@ To predict the environmental impact 
of any development activity and to 
provide an opportunity to mitigate 
negative impacts and to enhance 
positive impacts, the environmental 
impact assessment (EIA) procedure 
was developed in the 1970s. 

@ An EIA may be defined as a formal 
process to predict the environmental 
consequences of human development 
activities and to plan appropriate 
measures to eliminate or reduce 
adverse effects and to augment 
positive effects. 

@ EIA has three main functions: to 
predict problems; to find ways of 
avoiding them; and to enhance the 
positive effects. 
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stratosphere 31 miles 


Types of pollutant 
e@ The many different types of air weather balloon 
pollutants can be broadly classified 

as suspended particulate matter, 
gases, and vapors. 

@ Some atmospheric gases have been 
detected well out into space, but 
99 percent of the mass of the 
atmosphere lies below an altitude of 
16-18.5 miles (25-30 km). 

@ Most air pollution occurs in this lower <—— Z/] 
half of the atmosphere with the 
greatest concentration to be found 
below three miles (5 km). 


25 miles 


high-altitude military aircraft 


Gaseous pollutants 

@ The principal gaseous air pollutants 
are: oxides of nitrogen (NO,), ozone 
(O;), carbon monoxide (CO), sulfur 
dioxide (SO,), ammonia (NH,) and 
volatile organic compounds. 

e Chlorinated fluorocarbons (CFCs) 
and other greenhouse gases, lead, 
other heavy metals, and radon, are 
also air pollutants. 


Particulate matter 


@ Particulate matter affects more people 


through time than any other pollutant. 


supersonic jet 


@ The main components of particulate 
matter are coarse particles, such as soil 
and mineral ash, the fine particles 
found in wood smoke, and engine 
exhausts. 


Effects of pollution 


ite i ; : troposphere 6.9 miles 
e Acidification of the environment is od: 


becoming a global problem as more ——_ 


countries industrialize. Mount Everest commercial 

e Approximately half of the world’s (5.5 miles) airplane 
population now lives in urban areas, élouds 
and this is expected to increase by 
two percent each year between 2005 = 
and 2010. 

@ The use of energy from fossil fuels will 
largely govern future levels of 


atmospheric pollution. 0 miles 


Sustainable 


Current sources of energy 


renewable 
energy 


nuclear 
power 


natural gas 


energy 


Renewable 
energy 


hydroelectric 


biomass 
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Alternative energy sources 

@ The use of renewable energy is 
gradually decreasing the dependence 
on fossil fuels. 

@ Used in place of fossil fuels, renewable 
energy substantially reduces emissions 
of greenhouse gases and other 
pollutants. 


Geothermal 

@ Geothermal energy is contained in the 
rock and the fluid in Earth’s crust. 

@ It plays a significant role in the power 


supplies of some emerging economies. 


e@ Geothermal energy is the largest 
source of non-hydropower renewable 
energy in the United States. 


Wind 

@ Wind power is the process by which 
wind turbines convert kinetic energy 
in the wind to electricity. 

@ Installed wind power generation 
capacity has increased more than ten- 
fold over the last decade, growing at 
an average annual rate of 30 percent. 


Solar (photovoltaic) 

e@ Semiconductors, which convert solar 
energy into electricity, are called 
photovoltaic (PV) devices or solar 
cells. 


Hydropower 

e Hydropower is energy derived from 
flowing water. Hydroelectric power is 
electrical hydropower. 

@ Hydroelectric power involves the 
exploitation of tidal energy as well as 
dammed rivers. 


Biomass 

@ Energy crops, such as sugarcane or 
corn, can be converted into ethanol 
for fuel. 

e@ Domestic, agricultural, and industrial 
wastes and crop residues can be 
burned or gasified to produce energy. 
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Vapors 

@ Vapors are vaporated liquids, including 
gasoline, acetone, methanol, alcohol, 
turpentine, and water, that enter the 
atmosphere as air pollutants. 


Particulates 

@ Particulates are tiny particles from 
burning or internal combustion 
engines carried by convection and 
dispersed into the environment. 


Methane (CHa) 


@ Methane is a naturally occurring 
substance produced by the 
decomposition of organic materials. 

@ It is the chief constituent of natural gas 
and is also produced in the digestive 
tracts of animals such as cows. 


Sulfur dioxide (SO2) 


e Sulfur dioxide is a poisonous gas with 
a strong odor. 

@ It is manufactured industrially by 
burning sulfur in air so that it oxidizes, 
and is used in chemical processes. 

@ It is one of the chemicals responsible 
for acid rain. 


Carbon dioxide (CO>2) 


e@ Carbon dioxide is a colorless, odorless 
gas produced by burning carbon-rich, 
fossil fuels or timber. 

@ Increased quantities in the atmosphere 
contribute to the greenhouse effect 
and global warming. 

@ High levels can also contribute to acid 
rain by producing carbonic acid 
(H,CO3) when it dissolves in 
atmospheric water droplets. 


Nitrogen dioxide (NO2) 

@ Nitrogen dioxide is a reddish-brown 
poisonous gas produced when various 
metals are dissolved in nitric acid 
(HNO;) during industrial processes. 

e Another important source is the 
exhausts of gasoline engines. 


Major air pollutants: 1 


Air pollutants 


Methane Cc H, 


Major air pollutants: 2 


Air pollutants (continued) 
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Dioxins 


Natural composition of the air 
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Nitrogen (Nz) 
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Gas Volume percentage 


Krypton (Kr) 


0.01 


Oxygen (02) 


ih 


Methane (CH,) 


trace 


Argon (Ar) 


0.94 


Ammonia (NH;) 


trace 


Carbon dioxide (CO.) 


0.03 


Hydrogen sulphide (H,S) 


trace 


Helium (He) 


0.01 


Carbon monoxide (CO) 


“Neon (Ne) 


0.01 


_Nitrous oxide (N20) 


trace 
trace 
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0.01 
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Carbon monoxide (CO) 


@ A colorless, odorless, poisonous gas 
produced by the incomplete 
combustion of fossil fuels and organic 
compounds. 

@ Sources include fossil-fuelled power 
stations, gasoline engines, forest fires, 
and tobacco smoke. 


Chlorofluorocarbons 

(CFCs) 

e Chloroflourocarbons (CFCs) are gases 
manufactured by replacing the carbon 
atoms in hydrocarbon compounds 
with those of elements from the 
halogen group, usually fluorine and 
chlorine. 


Dioxins 

@ Dioxins are highly toxic complex 
compounds produced as by-products 
of some chemical processes such as 
herbicide production and paper 
bleaching. 


Nitric oxide (NO) 

@ An industrial by-product formed when 
nitric acid is reduced by a chemical 
reaction. 

@ As an air pollutant nitric oxide 
produces nitrogen dioxide. 


Ozone (O3) 

@ An unstable, poisonous, bluish gas 
with a pungent smell, often associated 
with electrical motors. 

@ In the atmosphere ozone readily 
decomposes into molecular oxygen, 
but in the stratosphere it forms the 
protective layer of ozonosphere. 


Ozone depleters 

@ A group of gaseous chemicals that 
cause ozone depletion. 

@ Gases that deplete ozone include 
chlorofluorocarbons (CFCs), methyl 
chloroform, carbon tetrachloride, 
methyl bromide, and nitric oxide. 
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Smogs and killer fogs 

@ In 1880, 2,200 people died in London, 
England, when coal smoke from home 
heating and industry combined to 
form a toxic smog of sulfur dioxide 
and airborne combustion particles. 

e Both the 1948 “killer fog” in the small 
town of Denora, Pennsylvania, that 
killed 50, and the London “fog” of 
1952, in which some 4,000 died, were 
catalysts for government efforts to 
tackle urban air pollution. 

@ Southeast Asia has recently 
experienced smog episodes caused by 
Indonesian forest fires. During these 
fires, air pollution levels in Sarawak 
reached record levels of 831 mg/m, 
posing a serious risk to human health. 


Impact on health 

@ A recent assessment by the European 
Environment Agency found that 70 
percent of European cities surveyed 
failed WHO air quality standards for at 
least one pollutant. 

@ Worldwide, the WHO estimates that as 
many as 1.4 billion urban residents 
breathe air with pollutant levels 
exceeding their safety limits. 

@ In the United States, an estimated 80 
million people live in areas that do not 
meet U.S. air quality standards, which 
are roughly similar to WHO standards. 

@ On a global basis, estimates of 
mortality due to outdoor air pollution 
run from around 200,000—570,000 
annually, representing about 0.4-1.1 
percent of total annual deaths. 

@ The health impact of urban air 
pollution seems likely to be greater 
in some of the rapidly developing 
countries, where pollution levels 
are highest. 

@ The World Bank has estimated that 
exposure to particulate levels 
exceeding the WHO limits accounts 
for roughly 2-5 percent of all deaths in 
urban areas in the developing world. 


Air pollution in the urban 
environment 


Relative importance of urban pollutants 


health building 


visual amenity 


Pollutant effects 
Pollutant 


Visual 


Health amenity 


co low low 
NO, medium medium 
SOP medium medium 
VOCs high high 
particles high high 


lead high low 


perceived wellbeing 
flora and fauna 


Perceived 
wellbeing 


Flora and 
Buildings fauna 
low low low 
low low medium 
high low high 
medium low medium 
medium medium high 


low low medium 


NO,: nitrous oxides; SO,: sulfur oxides; VOC: volatile organic compound 


Temperature inversion 
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@ Temperature inversion occurs 
when the temperature of the 
atmosphere increases with 
altitude in contrast to the normal 
decrease with altitude. 

When a temperature inversion 
occurs, cold air lies beneath 
warmer air at higher altitudes. 
During a temperature inversion, 
air pollution released into the 
atmosphere's lowest layer is 
trapped and becomes 
concentrated and can only be 
removed only by strong winds 
blowing horizontally. 

High pressure systems often 
combine temperature inversions 
with low wind speeds, which can 
lead to prolonged periods of 
severe smog over industrial and 
residential areas. 


Indoor air pollutants 


Domestic air pollutants 


Cleaning products 


Air fresheners, moth repellents, and dry 
cleaning fluids may contain para- 
dichlorobenzene or tetrachloroethylene, 
both potential carcinogens. 


Cigarettes 


Tobacco smoke produces toxic gases such 


as benzopyrene and carcinogens. 


Paint products 


Paint thinners and strippers contain 


poisonous solvents that persist in the air. 


Carpets 


Some carpets and plastics can emit 


styrene which can cause kidney damage. 


Insecticides 


Insecticides contain toxic chemicals 
that can accumulate inside the body. 


Wood board 


Wood board and other insulating 
materials emit formaldehyde which 
causes eye, skin, throat, and lung 
irritations. 


Cookers 


Badly ventilated gas and kerosene 
cookers release carbon monoxide 
and nitrogen oxides. 


Refrigerators 


Old refrigerators must be disposed of 
carefully because of the chlorofluorocarbon 
(CFC) contained in their coolant systems. 
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e In industrialized countries, there are 


many sources of air pollutants in the 
home. 

@ Do-it-yourself work such as painting 
may lead to temporary increases in 
pollutants, such as volatile organic 
compounds (VOCs), in enclosed 
spaces. 

e Another significant source of indoor 
pollution is the burning of fuels in 
flueless appliances, such as portable 
gas heaters, gas stoves, or ovens. 

@ In faulty appliances, incomplete 
combustion may result in the release 
of carbon monoxide, a highly 
poisonous gas. 

@ Carbon monoxide also builds up when 
people smoke cigarettes indoors. 

@ Dirty homes or houses in a state of 
disrepair may be a source of dustmites 
and mold spores. 


Developing nations 

@ More than three billion people 
worldwide rely on wood, dung, crop 
waste, or coal to meet their basic 
energy needs. 

e@ Cooking and heating with such solid 
fuels on open fires or stoves without 
proper ventilation leads to indoor air 
pollution. 

@ Indoor smoke contains many health 
damaging pollutants, including small 
soot or dust particles that can 
penetrate deep into the lungs. 

@ Exposure is highest among women 
and children, who spend the most 
time near the domestic hearth. 

@ A study in Mexico showed that women 
who had been exposed to wood 
smoke for many years faced 75 times 
greater risk of acquiring chronic lung 
disease than unexposed women. 

@ There is evidence that consistent 
exposure to indoor air pollution can 
lead to respiratory infections in 
children and chronic pulmonary 
disease and lung cancer in adults. 
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Rising emissions 

e Oxides of sulfur and nitrogen, 
methane, and CFCs are some of the 
most damaging pollutants produced 
by human activities. 

@ Between 1800 and the 1990s, the 
world population increased by a factor 
of six, while global CO, emissions rose 
by a factor of 800, most notably from 
the burning of fossil fuels. 

@ Since 1751 roughly 290 billion tons of 
carbon have been released into the 
atmosphere from the consumption of 
fossil fuels. 

@ Half of these emissions have occurred 
since the mid-1970s. 

@ The increase in emissions has been 
caused by new fuel burning 
technologies, particularly those for 
generating electricity and powering 
the internal combustion engine. 


Global emissions 

@ The 2002 global fossil fuel CO, 
emission estimate was 6,975 million 
tons of carbon. 

@ This represented an all-time high and 
a two percent increase from 2001. 

@ North America emits the highest level 
of fossil fuel CO, with 1.65 billion tons 
of carbon emitted in 2000. 

@ Since 1997 Canada has experienced a 
9.5 percent decline in fossil-fuel CO, 
emissions while the United States 
shows a 2.8 percent increase. 

@ The increasing industrialization of the 
developing world means that 
emissions on a global scale are still 
rising and are likely to continue to rise 
for many years to come. 


Major emissions of 
pollutant gases 


Pollutant gases 
Change in total greenhouse gas emissions, 1990-2000 
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Nitrogen oxides 

@ The nitrogen oxides (NOx) normally 
found in the atmosphere include 
nitrous oxide (N,O), nitric oxide (NO), 
and nitrogen dioxide (NO,). 

@ N,O in the atmosphere is broken 
down by sunlight, and some is 
removed by soils. 

@ N,O is a stable gas with anaesthetic 
characteristics and is sometimes called 
“laughing gas.” 


Effects 


@ NO, are highly toxic to various animals 
as well as to humans. High levels can 
be fatal, while lower levels affect the 
delicate structure of lung tissue. 

e@ NO is a precursor to the formation of 
NO, and an active compound in ozone 
(O;) formation. 

e Nitrogen oxides in the air are a 
potentially significant contributor to a 
number of environmental effects such 
as acid rain and eutrophication. 


Reducing emissions 

@ Reducing fossil fuel use, preventing 
the burning of tropical forests, and 
reducing our dependence on nitrogen- 
based chemical fertilizers could 
stabilize N,O concentrations in the 
atmosphere. 

@ Nitrogen oxides can travel long 
distances, causing health and 
environmental problems in locations 
far from their source of emission. 

e@ Since the 1970s, the Environmental 
Protection Agency (EPA) has required 
motor vehicle manufacturers to reduce 
NOx emissions. 

@ Since 1995, NO, emissions from 
highway vehicles have decreased by 
more than five percent, while vehicle 
miles traveled increased significantly. 

@ The EPA also helped devise a two- 
phased strategy to cut NO, emissions 
from coal-fired power plants in an 
attempt to reduce acid rain. 
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Sources of sulfur dioxide Europe — if uncontrolled 
e Sulfur dioxide (SO,) belongs to the === Europe - if partially controlled 
family of sulfur oxide (SOx) gases. 
@ These gases are formed when fuels 
that contain sulfur, such as coal and million tons 


oil, are burned during metal smelting 150 


and other industrial processes. 

@ The highest recorded concentrations 
of SO, have been in the vicinity of 
large industrial facilities. 


Effects of sulfur dioxide 

e Sulfur emissions are an important seas 
constituent of acid rain and a 
contributor to global climate change. 

e@ More than 600 million people live in 
urban areas where sulfur dioxide levels 
exceed WHO guidelines. 

@ High concentrations of SO, can result 40.000 

in temporary breathing impairment for ; 

asthmatic children and adults who are 


active outdoors. 


Sources and trends 

@ Coal burning is the single largest 
anthropogenic (human-made) source 
of sulfur dioxide, accounting for about 
50 percent of annual global emissions, 
with oil burning accounting for a 
further 25-30 percent. 

@ While anthropogenic SO, emissions in 
Europe and North America have been 
decreasing since 1980, the 
anthropogenic SO, emissions from 
China, Asia, and the tropics have been 
increasing. 


Reducing emissions 
@ Switching from high- to low-sulfur 


coals has reduced sulfur emissions in 

some cases. 

@ In the United Kingdom total sulfur 
dioxide emissions fell by 74 percent 


decreased by 31 percent between 1993 ill 
and 2002. 
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Sources of carbon 

@ Roughly 75 percent of global CO, 
emissions are from the burning of 
fossil fuels. 

@ These emissions, together with CO, 
from land use changes and the 
emissions of methane (CH,), nitrous 
oxide (N,O), hydrofluorocarbons 
(HFCs), perfluorocarbons (PFCs), and 
sulfur hexafluoride (SF,) are the main 
contributors to climate change. 


Worldwide emissions 

@ The 2002 global fossil fuel CO, 
emission estimate of 6.87 billion tons 
of carbon, represented an all-time high 
and a two percent increase from 2001. 


Industrialized nations 

e@ North America is the highest fossil 
fuel CO, emitting region of the world, 
with 1.65 billion tons of carbon 
emissions in 2000. 

@ This 2000 total was an all-time high for 
North America and represented a 1.5 
percent increase from 1999. 

e@ The United Kingdom’s CO, emissions 
recently increased for two consecutive 
years: 2.2 percent in 2003 and 1.5 
percent in 2004. 

e@ New targets require European Union 
countries to reduce their CO, 
emissions by 15-30 percent by 2020. 


Developing nations 

@ Population growth, rising personal 
incomes and standards of living, and 
further industrialization in developing 
countries are expected to have a much 
greater influence on levels of energy 
consumption than in industrialized 
countries. 
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Carbon cycle 

e@ Numerous processes collectively 
known as the carbon cycle naturally 
regulate the concentration of carbon 
dioxide in the atmosphere. 

@ Natural processes such as plant 
photosynthesis allow the movement, 
or flux, of carbon between the 
atmosphere, the land, and oceans. 

@ While these natural processes can 
absorb some of the vast quantities of 
anthropogenic carbon dioxide 
emissions produced each year, an 
estimated 3.2 billion tons is added to 
the atmosphere annually. 

@ The oceans, vegetation, and soils 
actively exchange CO, with the 
atmosphere and are significant 
reservoirs of carbon. 

@ Terrestrial vegetation and soils contain 
about three and a half times as much 
carbon as the atmosphere; the 
exchange is controlled by 
photosynthesis and respiration. 

@ Ocean uptake of carbon is limited by 
the solubility of CO, in seawater and 
the slow rate of mixing between 
surface and deep-ocean waters. 


Carbon in the atmosphere 

@ Earth’s positive imbalance between 
emissions and absorption results in 
the continuing growth in greenhouse 
gases in the atmosphere. 

@ The terrestrial biosphere has 
historically been a source of carbon 
to the atmosphere, but today it is a 
net sink. 

@ The current terrestrial carbon sink is 
caused by land management practices, 
higher carbon dioxide levels, nitrogen 
deposition, and possibly by recent 
changes in climate. 

e@ Human burning of fossil fuels and 
changes in land use continue to 
disturb the carbon cycle, increasing 
the concentration of carbon dioxide in 
the atmosphere. 


The carbon cycle 


The global carbon cycle 
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U.S. methane emissions 
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Sources of methane 


e@ Atmospheric methane is produced 


both from natural sources such as 
wetlands and from human activities 
such as flaring and venting of natural 
gas, coal mining, biomass burning, 
livestock farming, rice farming, and 
landfills. 

e In the United States, the largest 
methane emissions come from the 
decomposition of wastes in landfills, 
ruminant digestion, and manure 
management. These are associated 
with domestic livestock, natural gas, 
oil systems, and coal mining. 


Human-made sources 

@ It is estimated that 60 percent of 
global methane emissions are related 
to human activities. 

@ Globally, ruminant livestock produce 
about 79 million tons of methane per 
year, accounting for about 
28 percent of global methane 
emissions from human-related 
activities. 

@ Methane is also produced during 
flooded rice cultivation by the 
anaerobic decomposition of organic 
matter in the soil. 

e Landfills are the largest human-related 
source of methane in the United 
States, accounting for 34 percent of all 
methane emissions. 


Natural sources 

e Natural sources of methane include 
wetlands, gas hydrates, permafrost, 
termites, oceans, freshwater bodies, 
non-wetland soils, and other sources 
such as wildfires. 

e@ Global emissions of methane by 
termites are estimated to be about 
20 tetragrams (Tg) per year, and 
account for approximately 11 percent 
of the global methane emissions from 
natural sources. 
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Sources of lead 

@ Lead is a highly toxic heavy metal that 
was used for many years in products 
found in and around the home. 

@ Alkyl-lead is used primarily as a fuel 
additive to reduce “knock” in 
combustion engines. 

@ Industrial processes, primarily the 
processing of metals, are the major 
source of lead emissions to the 
atmosphere. 


Effects on human health 

@ Unlike metallic forms of lead, alkyl- 
lead is easily absorbed through the 
skin. 

@ Once it enters the body lead interferes 
with normal cell function and with a 
number of physiological processes. 

@ It primarily affects the peripheral and 
central nervous systems, the blood 
cells, and metabolism of vitamin D 
and calcium, and also causes 
reproductive toxicity. 

@ Lead may cause a range of health 
effects, from learning and behavioral 
problems, to seizures and death. 
Infants younger than six years old are 
most at risk, because their bodies are 
growing fastest. 

@ Today, lead poisoning remains the 
single most significant preventable 
disease associated with an 
environmental or occupational toxin. 


Reduction lead use 

@ Since the 1980s, the Environmental 
Protection Agency (EPA) and its federal 
partners have phased out lead in 
gasoline, reduced lead in drinking 
water, and banned or limited lead use 
in consumer products, including 
residential paint. 

@ In 1990, the Clean Air Act 
Amendments completely prohibited 
the use of leaded gasoline as fuel 
for on-road automotive use in the 
United States. 


Lead emissions 
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The history of sulfur 

@ The burning of hard coal, brown coal, 
and oil generates sulfur emissions. 

@ Sulfur emissions are an important 
constituent of acid rain and a 
contributor to global climate change. 

@ In 1900, the largest coal producing 
country was Great Britain, followed by 
the United States, then Germany. 

@ By 1960, the three major coal 
producing countries were China, the 
United States, and the USSR. 

@ By 1990, China predominated in coal 
production with an output of 1.1 
gigatons per year. 

e@ In 1990, the United States, the USSR, 
and China were the main sulfur 
emitters, producing approximately 
50 percent of the world’s total. 


Stabilizing emissions 

e Although the CIS (former USSR) and 
the United States appear to have 
stabilized their sulfur emissions in the 
last 20 years, recent increases in global 
emissions have been linked to the 
rapid industrialization of China. 

e Switching from high to low sulfur 
coals has reduced sulfur emissions in 
some cases. 


Cleaning up emissions 

@ In a few countries, such as Germany, 
flue gas desulfurization (FGD) has 
made an important contribution to 
emission reductions. 

@ This is an industrial process in which 
gases containing sulfur are released 
and scrubbed from fossil fuel or from 
exhaust gases. 

e@ The removal of sulfur from fuels is 
difficult and expensive; but the sulfur 
formed in combustion can often be 
removed easily by washing with an 
alkaline liquid. 
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The acid rain problem 

@ The term acid rain was first used in 
1872, after a link was made between 
sulfur dioxide emissions from the 
burning of coal in Manchester, 
England, to the acidification of 
nearby rainfall. 

@ The term is now used to describe 
all forms of pollution associated with 
the burning of fossil fuels. 

@ Snow, sleet, and mist, collectively 
known as wet deposition; and gases, 
dusts, and smog, collectively known as 
dry deposition, are now included in 
the definition of acid rain. 

@ Acid rain is measured using a scale 
called pH: the lower a substance’s pH, 
the more acidic it is. 


Effects of acid rain 

e@ In the 1980s, acid rain was identified as 
a major international environmental 
problem mainly affecting the over- 
populated and heavily industrialized 
areas of Europe and North America. 

e Acid deposition pollution can travel 
hundreds of miles across national 
boundaries and state lines. 

e@ Mountainous regions suffer most from 
acid deposition because the often thin 
mountain soils cannot neutralize the 
acid. 

@ Lakes and rivers far from industrial 
centers in parts of Scandinavia and 
Scotland have become acidified, with 
considerable fish stock depletion. 

@ An area known as the black triangle, 
bordering Germany, the Czech 
Republic, and Poland has been the 
scene of the most intense fallout. 

e Acid rain has also been the major 
cause of tree death, a particular 
problem in Eastern Europe. 


Acid rain: the global 
picture 


Acid rain cycle 


ra) Acid rain is produced by the release of sulfur dioxide (SOz) and nitrogen oxides (NO,) 
into the atmosphere from factories and power stations. 


b Gases combine with water to make sulfuric and nitric acids. 
rc} Acidic clouds can travel for long distances from the source. 
rd ) Acid rain and snow fall on trees, killing them. 

re ) Acid rain runs into rivers, killing fish and other organisms. 
rf ) Acidified water runs into lakes, killing fish. 


® Acidified water leaches nutrients and heavy metals out of soil. These wash into lakes, 
polluting them. 


Acid rain levels and extent of forest damage in Europe 
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Acid rain: eastern USA 


Effects of acid rain 
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@ pH is a measure of acidity. The lower the pH, the more acidic the water. 

@ Fish species have different abilities to withstand excess acidity. 

@ The dark fish show favorable pH ranges; the light fish are placed in less favorable ranges. 
e@ Absent symbols indicate that the fish cannot survive in the acidity shown. 


The Acid Rain Program, 1995 


@ These maps represent snapshots of wet sulfate deposition over time. 
@ Following the 1995 implementation of the Acid Rain Program, 
total sulfate deposition fell in a dramatic and unprecedented 
reduction of up to 25 percent over a large area of the eastern 
United States. 
@ The greatest reductions occurred in the northeastern states, 
where many of the most acid-sensitive ecosystems are located. 
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Effects of acid rain 


@ Acid rain has been widespread across 


North America for decades, leading to 
the acidification of lakes and streams, 
causing human respiratory problems, 
thinning forests, and corroding 
monuments and buildings. 

e Acid rain can diminish the ability of 
lakes and streams to sustain fish and 
other aquatic species. 

@ In some sensitive lakes and streams, 
acidification has severely depleted 
even the hardiest species, such as the 
brook trout. 

@ As pH approaches 5.0, major changes 
in the makeup of plankton 
communities occur, less desirable 
species of mosses and plankton may 
begin to invade, and the progressive 
loss of some fish populations is likely. 

@ Below pH of 5.0, the water is largely 
devoid of fish and the bottom 
becomes covered with non-decayed 
material. 

@ Studies in Canada and the United 
States indicate that there is a link 
between this pollution and respiratory 
problems in sensitive populations, 
such as children and asthmatics. 

@ It has been estimated that around 50 
percent of the sulphate deposited in 
Canada comes from sources in the 
United States. 


The Acid Rain Program 

@ The overall goal of the Acid Rain 
Program is to achieve significant 
environmental and public health 
benefits through reductions in 
emissions of sulfur dioxide and 
nitrogen oxides. 

@ To achieve this goal, the program 
employs both traditional and 
innovative approaches for controlling 
air pollution. 

e The program also encourages 
pollution prevention and energy 
efficiency. 
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@ The greenhouse effect is caused by an 
accumulation of certain types of gases 
in the upper atmosphere. 

@ Theses gases include carbon dioxide, 
methane, chlorofluorocarbons (CFCs) 
and water vapor. 

@ Infrared radiation in the Sun’s rays 
bounces back off Earth into space. 

@ Greenhouse gases act as a barrier to 
the infrared radiation and reflect some 
of it back down onto Earth. 


@ The infrared radiation becomes 
trapped between the layer of 
greenhouse gases and Earth’s surface, 
bouncing back and forth. 

@ The radiation is absorbed by the 
planet and its atmosphere and 
contributes to the phenomenon 
known as global warming. 


@ The burning of organic and fossil 
fuels produces large amounts of 
carbon dioxide. 

@ Wood, coal, oil, and petroleum-based 
fuels produce CO, when they 
combust. 


@ Methane gas is a product of the 
decomposition of organic material. 

@ It is also produced within the guts of 
herbivorous livestock and by rotting 
vegetation. 


@ CFCs were used until recently as 
coolants in refrigerators and 
propellants in aerosols. They readily 
escape into the atmosphere. 


@ Water vapor is produced by water 
evaporating into the atmosphere. 

@ Rivers, lakes, oceans, and plants all 
generate vast amounts of water vapor. 


Sources of the greenhouse effect 


Greenhouse gas estimates 


The future of the greenhouse effect 
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Natural greenhouse effect 

@ Greenhouse gases create a natural 
greenhouse effect that keeps the 
surface of Earth about 33°C warmer 
than it otherwise would be. 

@ Since the beginning of the Industrial 
Revolution around 1750, 
concentrations of the long-lived 
greenhouse gases in the atmosphere 
have risen as a result of human 
activities: primarily fossil fuel use, land- 
use change, and agriculture. 

@ Concentrations of CO,, the main 
greenhouse gas, are currently 
increasing by about 0.5 percent per 
year; CH, by about one percent; 
and N,O also by about 0.5 percent. 

@ Overall total U.S. emissions have risen 
by 13 percent from 1990 to 2003. 

e According to the Environmental 
Protection Agency (EPA), total 
U.S. greenhouse gas emissions are 
projected to increase by 43 percent 
between 2000 and 2020. 


Efforts at reduction 

@ More than a decade ago, most 
countries joined the United Nations 
Framework Convention on Climate 
Change. 

@ In 1997 some governments agreed to 
the Kyoto Protocol, which came into 
force on February 16, 2005. 

@ The Kyoto Protocol set legally-binding 
targets for 39 countries, giving each 
country a target amount of 
greenhouse gases that may be 
emitted between 2008-12. 

@ Each country must ensure that its 
emissions do not exceed this amount. 

@ The amounts assigned for individual 
countries add up to a total cut in 
greenhouse gas emissions of at least 
five percent from 1990 levels in the 
commitment period. 

e However, scientists believe that it will 
be virtually impossible to restore the 
atmosphere to its pre-industrial levels 
of CO). 
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Global warming 

@ Global warming refers to an expected 
rise in the global average temperature 
due to the continued emission of 
greenhouse gases, produced by 
industry and agriculture, which trap 
heat in the atmosphere. 

@ According to scientists, Earth’s surface 
temperature has risen by about one 
degree Fahrenheit (0.6°C) in the past 
century and warming has accelerated 
during the past two decades. 

@ Evidence shows that most of the 
warming over the last 50 years is 
attributable to human activities. 


Causes of global warming 

@ Human activities have altered the 
chemical composition of the 
atmosphere through the build-up of 
greenhouse gases, primarily carbon 
dioxide, methane, and nitrous oxide. 


Greenhouse gases 

@ Carbon dioxide, the most important 
human-made greenhouse gas, is 
released primarily by the burning of 
fossil fuels such as coal, oil, and 
natural gas. 

e@ Concentrations of greenhouse gases 
have risen considerably over the past 
50 years and are still increasing, 
despite worldwide attempts to 
reduce emissions. 

@ Increasing concentrations of 
greenhouse gases are likely to 
accelerate the rate of global warming. 


Effects of global warming 

@ Changing patterns of precipitation 
frequency and intensity, changes in soil 
moisture, and a rise of the global sea 
level are expected to be accompanied 
by higher temperatures. 


Global warming: sources 
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Temperature rises 

@ Increasing concentrations of 
greenhouse gases are likely to 
accelerate the rate of climate change. 

@ Global mean surface temperatures 
have increased 0.5-1.0°F (0.3—0.6°C) 
since the late nineteenth century. 

@ The twentieth century’s ten warmest 
years all occurred in the final 15 years 
of the century and, of these, 1998 was 
the warmest year on record. 

@ According to the Intergovernmental 
Panel on Climate Change (IPCC), the 
average global surface temperature 
could rise 1-4.5°F (0.6-2.5°C) through 
the next fifty years, and 2.2-10°F 
(1.4-5.8°C) through the next century. 


Impact of global warming 

e Associated environmental effects of 
global warming include biodiversity 
loss, sea level rise, increased drought, 
spread of disease, and a shift in 
weather patterns with an increase in 
extreme weather events. 

@ Evaporation will increase as the 
climate warms, and this will increase 
average global precipitation. 

@ Soil moisture is likely to decline in 
many regions, resulting in the 
prediction of falling crop yields in 
much of Africa and India and a loss of 
forest size in the Amazon. 

@ Snow cover in the Northern 
Hemisphere and floating ice in the 
Arctic Ocean will continue to decrease. 

@ Sea levels will rise as glaciers and ice 
sheets melt, flooding coastal cities and 
countries. 


Predicting the future 

@ Scientists are trying to project what 
the exact impact will be throughout 
the twenty-first century. 

@ Prediction is difficult, especially at a 
local level, because computer models 
used to forecast global climate change 
are ill-equipped to simulate how things 
may change on smaller scales. 
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Rising seas 
@ With the increase of Earth’s 
temperature due to global warming, 


the resulting warmer temperatures are 
expected to raise the sea level by 
expanding ocean water, melting 
mountain glaciers, and melting parts 
of the Greenland Ice Sheet. 

@ Measurements suggest that sea level 
has already risen worldwide by 6-8 
inches (15-20 cm) in the last century. 

@ The IPCC estimates that sea level will 
rise 3.5-35 inches (9-88 cm) by the 
year 2100. 


Impact of rising sea level 

@ For every inch (cm) the sea rises, 
around three feet (1 m) of coastal land 
is lost to the sea. 

@ Sea level rise will significantly increase 
the flood risk to coastal populations. 

@ In Bangladesh approximately 
17 million people live less than three 
feet (1 m) above sea level. 

@ The southern Mediterranean, Africa, 
southern Asia, and Southeast Asia are 
the regions most vulnerable to the 
impact of flooding. 

e@ Human health will be at risk, and 
moving large numbers of people away 
from flooded regions will increase the 
risk of diseases spreading. 

@ There is likely to be a reduction in the 
quantity and quality of freshwater, 
further affecting human health. 

e Important biological communities are 
likely to be lost because some species 
will not be able to adapt quickly 
enough to the changes in salinity or 
loss of ice cover. 

@ Climate models also suggest that rising 
sea levels will cause a shift in the Gulf 
Stream, which provides Europe with 
its mild climate. 


High risk areas 


Coasts at risk from 
sea level rise 


—— coasts that are 
highly vulnerable to 
sea level rise 


@ cities that are highly 
vulnerable to sea- 
level rise 


; . i Manila 


Bangkok | | 


jes 


i an 


Sea level rise estimates 


Populations directly affected by flooding 


Annual numbers in different regions under three different estimates 


Southern 
Mediterranean 


West Africa 


East Africa S== 


South Asia —————_—s—«s—«~—:~—.—.—<—C—C™ 
Southeast 
30 40 50 
rk flooded (millions per year) 


No reduction in CO, emissions 


~ up to 20 million [7] 20-50 million 


The estimated number of people flooded each year in the 2080s, if there is no reduction 
of CO, emissions. 


Stabilized emissions 


— BOO L-—~] more than 70% 


The percentage reduction in numbers of people flooded under emissions of COz stabilized 


at (1) 750 parts per million (ppm) and (2) 550 ppm. 


AIR POLLUTION 


Key words 


Environmental 
Protection 


Agency (EPA) 


Future rise 

@ The flood risk to coastal populations 
will significantly increase if sea levels 
rise. 

@ According to a report by the EPA, 
global warming is most likely to raise 
sea levels six inches (.15 m) by the 
year 2050 and 13 inches (.34 m) by the 
year 2100. 

@ There is also a ten percent chance 
that climate change will contribute 
12 inches (.3 m) by 2050 and 
25.6 inches (.65 m) by 2100. 

@ Along the coast of New York, which is 
representative of the U.S. East Coast, 
the sea level is likely to rise ten inches 
(.26 m) by 2050 and 21.7 inches 
(55 m) by 2100. 


Developing world 

@ The areas worst affected by a rise in 
sea levels will be the developing 
nations in South and Southeast Asia. 

® Scientists estimate that a 39-inch 
(100 cm) sea level rise would affect six 
million people in Egypt with 12-15 
percent of agricultural land lost, 13 
million in Bangladesh with 16 percent 
of national rice production lost, and 
72 million in China. 

@ By the 2080s the annual number of 
people flooded could be 34 million 
under the 750 parts per million (ppm) 
CO, estimate, and 19 million under 
the 550 ppm estimate. 


Reducing the impact 

@ Various studies have been prepared to 
show the possible impact of reducing 
emission levels. 

@ The EPA predicts that if global 
emissions are stabilized by the year 
2050 the rate of sea level rise will be 
reduced by 28 percent by 2100. 

@ If emissions were stabilized by the year 
2025 then the rate of sea level rise 
would be reduced by half. 
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@ Scientists predict that the sea level 


along the Gulf Coast is likely to rise 
by 15-40 inches (38-101 cm) by 2100. 

@ The Gulf Coast region has a flat 
topography, and with only a few inches 
of sea level rise the coastline would be 
moved considerably inland. 

@ This threatens towns, community 
infrastructure, port facilities, and 
ecosystems. 

@ Coastal wetlands help to retain and 
purify water, stabilize sediments, 
and protect coastal areas from storm 
surges. These natural services are 
valued at millions of dollars and 
would be lost if wetlands shrink or 
deteriorate in quality. 

@ If these barrier islands and wetlands 
are lost, storm waves could reach 
further inland during major storms. 


New Orleans 

@ In 2005, Hurricane Katrina caused 
catastrophic damage to the Gulf Coast 
region, particularly to New Orleans, 
and highlighted its vulnerability to 
storms and floods. 

@ The hurricane caused large loss of life 
and it is expected that the region will 
take years to rebuild and recover at 
great expense. 


Egyptian Nile Delta 

@ Rising sea levels would destroy weak 
parts of the Nile Delta sand belt that is 
essential for the protection of lagoons 
and low-lying reclaimed lands. 

@ The economic effect would be very 
serious as one third of Egypt’s fish 
catches are made in these lagoons. 

@ Rising sea levels would change the 
water quality and affect freshwater fish. 

@ Agricultural land would be lost. 

@ A 3.3-foot (1 m) rise would affect a 
population of 6.1 million and 1,740 
square miles (4,507 km?) of cropland. 


Risk in close-up: the Gulf 
Coast and the Nile Delta 
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Bangladesh 

@ Bangladesh, one of the world’s 
poorest nations, is heavily populated 
and is also the country most 


vulnerable to sea level rise. 

@ Large areas are situated just below sea 
level, in the estuary of three large 
rivers, and are often seriously affected 
by flooding. 

@ Bangladesh has very little flood 
protection, such as the coastal dikes in 
the Netherlands, so an increase in 
tropical cyclones and monsoon rains 
would become more damaging. 

® Scientists predict that if sea levels rise 
by three feet (1 m), with no 
implementation of flood protection 
measures, one fifth of Bangladesh 
would disappear under water. 

@ Due to the high population density, 
the number of people affected would 
be extremely high, and 10-15 million 
people will lose their homes. 

@ A ten-foot (3 m) rise in sea levels 
would completely inundate the capital, 
Dacca. 


The Netherlands 


@ The Netherlands has low-lying coasts 
and will be seriously affected by any 
rise in sea levels. 

@ A quarter of the country, including the 
capital Amsterdam, lies below sea level 
and is protected from the sea by 
coastal dikes, which were first begun 
in 500 BCE. 

@ The protection afforded by the coastal 
dikes has reduced the area of land 
under threat from rising sea levels to 
less than one percent. 

@ In the future the Netherlands will 
experience the effects of rising sea 
levels, but by enhancing the existing 
systems, the country should remain 
safe. 

@ The government is allocating 
1.27 billion euros (more than 
$1 billion) up to 2020 to enhance 
the existing flood defenses. 
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Natural ozone 


@ Ozone (O3;) plays a vital role in the 10 “25 
stratosphere, the region of the 
atmosphere 6-30 miles (10-48 km) | 
above Earth’s surface, by absorbing 
ultraviolet radiation from the Sun that 8 


is harmful to humans. 


Holes in the ozone layer | | 
@ The ozone layer at the poles, has 15 

been severely depleted over the last 

20 years, especially over Antarctica. | 
@ The special meteorological conditions a] 

in Antarctica allow chlorofluoro- 10 

carbons (CFCs) to be more effective 

there in depleting ozone than 

anywhere else on Earth. 
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@ Over the years, the ozone hole has 


increased rapidly and is now as large 
as the Antarctic continent. 

@ The 2000 ozone hole reached its 
greatest extent in early September 


at almost 11 million square miles 
(28.4 million km?) and was the 


largest ever recorded. 


Measuring the ozone layer 


@ A research group from the British 


Antarctic Survey first noticed the loss 
of ozone in the lower stratosphere 
over Antarctica in the 1970s. 

@ Ozone layer thickness is expressed in 


terms of Dobson units, which measure 
what its physical thickness would be if 
compressed in Earth’s atmosphere. 
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Threat to the ozone layer 

@ Stratospheric ozone is threatened by 
some of the human-made gases that 
have been released into the 
atmosphere, especially chlorofluoro- 
carbons (CFCs). 

@ CFCs were produced from the 1940s 
to the 1970s to be used as refrigerants, 
electrical cleaners, propellants in 
aerosols, and the constituents of 
insulation products. 

@ CFCs mix in the atmosphere all over 
the world and survive until, after one 
to two years, they reach the 
stratosphere and are broken down 
into their separate elements (chlorine, 
fluorine, and carbon) by ultraviolet 
radiation. 

@ The chlorine atoms that are 
released by ultraviolet radiation 
react chemically with ozone and 
break it down. 

@ In the process of reacting with ozone, 
yet more chlorine is produced, which 
continues to react with the ozone in 
the stratosphere, in a process that 
progressively reduces the ozone until 
the chlorine is removed from the 
stratosphere by other processes. 


Limiting the damage 

@ The first global agreement to restrict 
CFCs came with the signing of the 
Montreal Protocol in 1987, which 
aimed to reduce them by half by 
the year 2000. 

@ Production of the main CFCs was 
to be halted by the signatories by the 
end of 1995. 

@ The World Meteorological 
Organization anticipated that these 
limitations would lead to a recovery 
of the ozone layer by 2050. 

e@ However, recent investigations suggest 
the problem is perhaps on a much 
larger and longer-term scale. 
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Human health 

e Although the ozone layer blocks most 
of the harmful ultraviolet (UV) 
radiation received from the Sun, small 
amounts do reach Earth’s surface. 

@ UV radiation is absorbed mainly in the 
skin and in the outer layers of the eye, 
and does not penetrate any deeper 
into the human body. 

@ The greatest threat to human health 
from increased UV exposure is an 
increase in the incidence of the skin 
cancer melanoma. 

@ The incidence of skin cancer in the 
United States has reached epidemic 
proportions, and one in five Americans 
will develop skin cancer. 


Marine environment 

@ A consequence of ozone depletion for 
the marine environment is the likely 
reduction in the numbers of 
phytoplankton: the photosynthesizing 
organisms in the sea that form the 
base of the marine food chain and 
absorb CO, from the atmosphere, 
thereby helping to stave off global 
warming. 

@ UV also causes direct damage to young 
fish, shrimp and crab larvae, and other 
small animals. 

e Further up the food chain, this means 
a reduction in fish stocks, marine 
animals, and seabirds. 


Agriculture and plant life 

e Crop yields will suffer because 
exposure to high concentrations of UV 
radiation has been shown to stunt the 
growth and leaf development of most 
plant varieties. 

@ UV-sensitive plants can also be more 
susceptible to pests and disease. 


Material degradation 

@ Many plastics suffer when exposed to 
UV radiation because photochemical 
reactions make some plastics brittle, 
thus shortening their useful lives. 


Consequences of ozone 
depletion 


Skin cancer in humans 
Levels of risk of skin cancer caused by ozone depletion under different 
restriction estimates 
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Nature under threat 


Biodiversity 
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Global 200 “Blueprint for a Living Planet” 

@ The World Wildlife Fund (WWF) has provided a global ranking of more than 200 of Earth’s 
biologically most outstanding terrestrial, freshwater, and marine habitats. 

@ The ranking covers all major habitat types from Arctic tundra to tropical reefs, from 
mangroves to deserts, and include species from every major habitat type. 

e Almost half these ecoregions are critically endangered by the direct effects of human 


activities. 
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Nature under threat 

@ Human activities are increasingly 
threatening biodiversity on Earth. 

@ While it may never be possible to 
conserve all remaining natural habitats, 
it is important to achieve a global 
conservation strategy with all 
ecosystem types represented. 


Threats to biodiversity 

@ The main cause of biodiversity loss is 
human population growth combined 
with unsustainable patterns of 
consumption, increasing production of 
waste and pollutants, urban 
development, international conflict, 
and continuing inequalities 
in the distribution of wealth and 
resources. 

e@ Throughout history, species have 
always become extinct in small 
numbers, but the current rate of 
extinction is much higher than this 
background rate. 

@ Nitrogen deposition—caused by the 
burning of fossil fuels and excessive 
fertilizer use—and oil spills have had a 
major impact on biodiversity. 

@ The consumption of natural resources 
such as wild animals for food and 
forests for wood has reached 
unsustainable levels and is very 
damaging to biodiversity. 


Trade in endangered 

species 

@ International trade in products derived 
from wildlife is now thought to be 
worth around $6 billion annually. 

@ The Convention on International 
Trade in Endangered Species (CITES) 
came into force in 1975, and 167 
countries have now signed the treaty. 

@ International tourists often 
unintentionally purchase goods made 
from CITES-listed species. 

@ Greater awareness by tourists would 
avoid encouraging to a trade that can 
threaten a species’ survival. 
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Measuring biodiversity loss 


@ It is important to measure the rate of 


biodiversity loss and the possible 
causes of decline to be able to design 
and implement effective conservation 
strategies. 

@ The World Conservation Union or 
IUCN, records the status of world 
biodiversity in the “Red List” of 
threatened species. 

@ This report gives details of the 
numbers of threatened species in each 
animal and plant group and 
categorizes them according to the 
severity of their status. 

@ The categories are: extinct; extinct in 
the wild; critically endangered; 
endangered; vulnerable; near 
threatened; least concern; data 
deficient; and not evaluated. 

® Quantitative criteria have been 
developed for the critically 
endangered, endangered, and 
vulnerable categories. Species in each 
of these groups are thought to share a 
similar chance of extinction, and the 
categories are collectively termed 
“threatened.” 


Increase in threatened 

species 

@ The number of threatened species has 
been increasing in all groups over 
recent years. 

e@ Amphibians have shown the largest 
increase in numbers of threatened 
species, rising from 124 in 1996-98 
to 1,856 in 2004. 

@ However, it is sometimes difficult to 
monitor some groups of animals and 
plants because so little is known about 
them. 

@ In many animal and plant groups, 
especially invertebrates, species are 
still being discovered. 

@ Biodiversity loss is best understood for 
the better-known groups, such as birds 
and mammals. 


Threatened species 


Numbers of threatened species by group, 2004 
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Recording extinctions 

e@ When the last individual of a species 
dies, the species is said to have 
become extinct. 

@ Extinction represents the permanent 
and irreversible loss of a unique 
evolutionary form and its genetic 
material. 

@ By recording extinctions, it is possible 
to understand why they are happening 
better. It also assists the identification 
of species that are most at risk. 


Causes of extinction 

e@ Humans have become one of the main 
causes of extinctions worldwide. 

e@ The direct causes of extinctions are 
often hard to identify, but invasive 
alien species, habitat loss, and over- 
exploitation are all thought to be 
major contributory factors. 

e Birds are among the most studied of 
animal groups in the world and 
invasive species have been recorded as 
responsible for at least 65 extinctions. 

e Predation by introduced animals such 
as rats, cats, and dogs, coupled with 
habitat destruction and the 
introduction of diseases has caused 
many of the extinctions in birds. 


Background extinction 

e Extinctions have always featured in 
evolution. They usually happen slowly 
due to natural events, though many 
catastrophic or mass extinctions have 
also occurred. 

e@ The background extinction rate is 
estimated to be about one species per 
decade. 

e@ The current extinction rate is between 
two and three orders of magnitude 
higher than this background rate. 

e@ Some scientists believe that we are 
now seeing the beginning of a new 
mass extinction. 
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Rare plant species 

@ The 2004 IUCN Red List includes 
assessments for 11,824 species of 
plants and of these, 8,321 are listed as 
being threatened with extinction. 

@ However, the real figure is thought to 
be much higher because sufficient data 
on many of the plant species is simply 
not available. 

@ The numbers of threatened plant 
species will continue to increase in the 
future as habitat destruction, 
pollution, and over-collection of 
specimens continue to rise. 


Star cactus 

@ The star cactus (Astrophytum asterias) 
is a small, dome shaped, spineless 
cactus that was once found 
throughout Texas and Mexico. 

@ It produces yellow and orange flowers 
and a berrylike fruit covered with 
hairs. 

@ Due to over-collection and habitat loss 
it has become extinct in Mexico and 
now exists only in one location in Starr 
County, Texas. 


Pondberry 
@ The pondberry (Lindera melissifolia) 
is a deciduous shrub from 3-6 feet 
(1-2 m) tall that was once found 

across the United States. 

@ It grows on wet soils and in shallow 
ponds but has suffered greatly due to 
habitat loss from the drainage of land 
for conversion to agriculture. 

e Isolated populations are now known 
only in Georgia. 

@ As populations become ever more 
isolated from each other, the chances 
of pollination decrease. 


World’s rarest plants 


Plants at risk of extinction 
Arizona agave (Agave arizonica) 
Ash meadows milk-vetch (Astragalus phoenix) 
Bankouale palm (Wissmania carinensis) 
Bois de fer (Vateria seychellarum) 
Bois de prune blanc (Drypetes caustica) 
Dall’s pittosporum (Pittosporum dallii) 
Dotalu palm (Loxococcus rupicola) 
Egyptian papyrus (Cyperus papyrus hadidii) 
Fibrosa she oak (Casuarina fibrosa) 
Fragrant prickly-apple cactus (Cereus eriophorus) 
Furbish lousewort (Pedicularis furbishiae) 
Gigasiphon (Gigasiphon macrosiphon) 
Ginkgo (Ginkgo biloba) 
Green pitcher plant (Sarracenia oreophila) 
Horseshoe fern (Marattia salicina) 
Javan phalaenopsis orchid (Phalaenopsis javanica) 
Large-flowered fiddleneck (Amsinckia grandiflora) 
Leafless acacia (Acacia aphyela) 
Lord Howe Island passionfruit (Passiflora herbertiana insulae-howei) 
Louisiana quillwort (Isoetes louisianensis) 
Madeira net-leaf orchid (Goodyera macrophylla) 
Mauritius ebony (Diospyros angulata) 
Mellblom’s spider orchid (Calenia hastata) 
Okeechobee gourd (Cucurbita okeechobeensis) 
Pondberry (Lindera melissifolia) 
San Clemente Island Indian paintbrush (Castilleja grisea) 
Schimper’s toxocarpus (Toxocarpus schimperianus) 
Silver gum (Eucalyptus crenulata) 
Star cactus (Astrophytum asterias) 
Sunshine diuris orchid (Diuris fragrantissima) 
Tennessee purple coneflower (Echinacea tennesseensis) 
Tree cactus (Cereus robinii) 
Virginia round-leaf birch (Betula uber) 
West Himalayan elm (Ulmus wallichiana) 
Western lily (Lilium occidentale) 
White gum (Eucalyptus argophloia) 
Yellow sobralia orchid (Sobralia xantholeuca) 
Zhoushan hornbeam (Carpinus putoensis) 
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World’s rarest land mammals and their present habitat 
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Human impact 


@ Many mammal species from around 


the world are facing the threat of 
extinction due to overhunting, 
habitat loss, and other human 
interventions. 

@ Many of these critically endangered 
mammals have avoided complete 
extinction only through the efforts 
of conservation organizations. 


The giant panda 

@ The giant panda (Ailuropoda 
melanoleuca) lives in China, 
in mixed temperate and broadleaf 
forests, and has been the focus of 
conservation efforts for decades. 

@ Pandas, which are the symbol of the 
World Wildlife Fund (WWF), are 
classified as bears but have adapted 
to a purely vegetarian diet and 
depend almost entirely on bamboo 
as a food source. 

@ As China became more populated the 
panda was hunted and their habitat 
became increasingly fragmented. 

@ By 2005, the Chinese government 
established more than 50 panda 
reserves, protecting around 45 percent 
of the remaining giant panda habitat. 

@ As a result of conservation efforts, in 
2004 there were an estimated 1,600 
individuals remaining in the wild. 


The Javan rhino 

@ The Javan rhino (Rhinoceros 
sondaicus) is one of the rarest large 
mammal species in the world. 

@ Experts believe it is on the verge of 
extinction, with fewer than 60 
individuals surviving in the wild, 
and none in captivity. 

@ The two subspecies, which live in 
Indonesia and Vietnam, are under 
increasing human population pressure 
and are often hunted. 

@ Even with the best conservation 
efforts, with so few animals left alive, 
the future of the species is uncertain. 
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The American bison 

@ The range of the bison (or buffalo, 
Bison bison) in North America once 
extended south to Mexico and east to 
the Atlantic. 

@ Huge herds were found on the Great 
Plains and it is thought that the 
original bison population was between 
35 and 70 million. 


Slaughter 

@ Great Plains Native Americans relied 
on bison for meat and hides, killing 
them in sustainable numbers. 

e@ Commercialized and subsistence 
hunting by European settlers caused a 
huge decline in the bison population. 

@ By the early 1800s bison had 
disappeared east of the Mississippi. 

@ The expansion of the American 
frontier west signaled the onset of a 
systematic reduction of the Great 
Plains herds by 1830. 

@ Bison hunting became the chief 
industry of the Plains, with organized 
groups killing upwards of 250 
individuals per day. 

@ Culling of bison was further justified as 
removal of the food supply of the 
Native American population. 

@ The Plains herds had all been wiped 
out by 1893, except for about 300 
animals. 


Preservation work 

e@ In 1894 Congress enacted a law to 
protect bison, and in 1902 a captive 
herd of 41 animals was placed under 
government protection in Yellowstone 
National Park. 

@ Today there are around 4,000 animals 
in the park. 

@ Elsewhere, bison herds have been re- 
established with total numbers 
estimated at 250,000. 

@ However, the herds have low genetic 
diversity because of the severe 
depopulation of the nineteenth 
century. 
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Why they were hunted 

@ Baleen whales are the largest of the 
whales. They feed on plankton and 
krill: tiny sea creatures that they strain 
by the million through sievelike plates 
in their mouth. 


@ These whales were originally the most 
hunted because of their large size. 

@ They were harvested for their meat, 
baleen, blubber, and bone. 

@ The baleen plates from whales were 
used in the manufacture of women’s 
clothing, fishing rods, and umbrellas 
from “whale bone.” 

@ Sperm whales are toothed whales that 
were hunted for spermaceti, a waxy 
substance they secrete in a special 
part of their heads. 

@ Spermaceti was used to make 
cosmetics and candles. 


The blue whale 

@ The largest of the baleen whales, and 
the largest animal ever to have existed 
on Earth, is the blue whale which may 
reach more than 85 feet (26 m) in 
length and weigh more than 90 tons. 

@ The blue whale has been overhunted 
for some 200 years. The International 
Whaling Commission estimated there 
to be between 400 and 1,400 blue 
whales left in the Southern 
Hemisphere in 2000. 


Uncertain future 

@ Six species of baleen whale are listed 
for protection under the United States 
Endangered Species Act of 1973: the 
blue, bowhead, fin, humpback, right, 
and sei whales. 

@ Although whale hunting has now all 
but halted, the numbers in some 
populations are so low that there is 
great concern for their long-term 
survival. 

@ Scientists still do not understand 
enough about whales to predict if they 
will ever recover their numbers from 
massive overhunting. 
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The anchoveta 
@ One of the most productive fishing 


areas in the world is a 90,000-square 
mile area (233,000 km?) off the coast 
of Peru. 

@ The coastal upwelling in this region 
forces nutrient-rich cool water to the 
surface. 

@ Phytoplankton thrive on the nutrients 
and in turn are fed upon by a variety 
of creatures, including anchoveta. 

@ Anchoveta are small fish that grow up 
to eight inches (20 cm) long and swim 
in huge schools near the surface. 

@ This huge biomass of fish is an 
important food source for many 
creatures, including predatory fish, 
birds, and mammals. 


History of anchoveta 

fishing 

@ This enormous natural resource began 
to be exploited after World War I, and 
factories were opened to process the 
fish into fishmeal. 

@ Equipment used to catch and process 
the fish was mostly purchased from 
California where a similar fishery had 
recently collapsed. 

@ More efficient and larger fishing 
vessels led to larger and larger catches 
in Peru. 


Sustainable fishing 

@ It soon became clear that the fishery 
could not support such large catches. 

@ The Peruvian government is now 
trying to ensure that the anchoveta is 
fished sustainably, but the industry’s 
capacity is still much greater than the 
recommended sustainable harvest. 


EI Nifo 

e During El Nino years the currents 
change direction, causing a 
disappearance of the nutrient-rich 
upwelling and a collapse in the 
anchoveta population, which adds 
further pressure to the industry. 


Overfishing: Peruvian 
anchoveta 
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Ocean current circulation and the upwelling areas off California and Peru 
Normal years 


In normal years, cool, nutrient-rich water 
(a) rising off the coast of South America 
is warmed, and flows westward toward 
Australia, providing food for anchoveta 
off the coast of Peru. Peru 


Pacific Ocean current 
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In El Nifio years (which occur about 14 
times every century) warmer water (b) 
flows toward South America, stopping 
the rise of the cooler (¢), nutrient-rich 
water off the Peruvian coast and 
reducing the anchoveta population. 


Overfishing: North Sea 
herring and Atlantic cod 
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The North Sea fisheries 

@ The North Sea is a shallow sea, kept 
free of ice by warm ocean currents. 

@ Overfishing in the North Sea now 
threatens the entire marine ecosystem. 

@ Since the 1990s all commercial fish 
species, including cod, hake, herring, 
haddock, mackerel, plaice, saithe, and 
whiting have dropped to dangerously 
low levels and are at risk of stock 
collapse. 


Cod 


@ For 450 years, cod were fished 
sustainably until new fishing 
techniques and refrigeration led to 
overfishing. 

@ Total catches fell off sharply from 
record levels set in the late 1960s, 
as deep sea factory trawlers 
decimated the stocks. 

@ Between 1962 and 1977, North Atlantic 
cod declined 82 percent due to 
relentless overfishing. 

e@ Northern cod were on the verge of 
extinction as a commercial species 
when Canada extended its jurisdiction 
to the 200-mile limit in 1977. 

e@ This reduced the catches for a while, 
but Canada expanded its fleet and 
overfishing began again. 


Herring 

@ Overfishing in the 1960s and 1970s 
reduced the total catch of herring 
from more than 4.4 million tons in 
1966 to 992,000 tons in 1979. 

e@ However, catches have increased 
somewhat in recent years as stocks 
have recovered. 
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The trade in ivory 


@ For centuries, elephant ivory has been 


an important trading commodity, 
especially in the Far East. 

@ Legal and illegal movements of ivory 
totalled 770 tons (75,000 pairs of 
tusks) during the 1970s. 

e@ A combination of habitat loss and high 
levels of poaching threatened the 
African elephant with extinction. 


Declining numbers 

@ The African elephant (Loxodonta 
africana) population declined from 
about 1.3 million in 1979 to 
625,000 ten years later. 

@ Global concern for elephant 
conservation resulted in the 
Convention on International Trade in 
Endangered Species (CITES) declaring 
a total ban on ivory trade in 1989. 


Increasing demand for 

ivory 

e@ World demand for ivory remained 
high, and ivory prices escalated from 
$50 per pound in 1975 to as much as 
$500 per pound during the ban 
period. 

@ Poaching intensity increased with the 
use of sophisticated automatic 
weapons, and some poachers were 
killing up to 200 elephants a day. 

@ The CITES ban was only partially 
effective and poaching continued 
uncontrolled in some countries. 


A better future 

@ Today, the African elephant is classified 
as endangered by the IUCN. 

@ Although poaching continues, the 
overall population has remained 
stable. 

@ However, up to 80 percent of the 
species range is believed to lie outside 
protected areas and the future for this 
animal is far from certain. 


Poaching case study: 
African elephants 


Decrease in elephant numbers, 1979-2002 
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e By 2001, Botswana, Namibia, South 
Africa, and Zimbabwe all showed 
increases in their elephant 
) populations, some to such an extent 
that elephants were beginning to 
q cause serious habitat damage. 

\ A conflict became apparent 
between the interests of 
conservationists and the needs of 
those living and farming in the 
elephant-populated areas of those 
countries. 

The excess elephants resulting from 
the ban on poaching had to be 
culled, increasing the tonnage of 
ivory stockpiles in each country. 
CITES later allowed these countries 
to enter into an experimental, 
limited trade in ivory with Japan. 
Revenue generated from ivory sales 
supports community development 
and improved elephant conservation 
and management. 
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Poaching case study: 
Asian tigers 
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Tiger parts and medicine 
@ Use of the body parts of tigers has 


been an element of traditional Chinese 
medicinal practice for centuries. 

@ Taiwanese pharmacies use skulls and 
bones, and the penis is often used as 
an aphrodisiac; skins and heads also 
find buyers from around the world. 


Increase in poaching 

@ The value of tiger body parts has 
greatly increased and bones may sell 
for more than $500 per pound. 

@ Illegal poaching is now the only way 
tiger parts can be supplied to 
consumer markets. 

@ Far Eastern traditional medicine 
manufacturers are now targeting 
India’s tiger populations, as tiger 
numbers are depleted elsewhere 
in Asia. 

@ Anti-poaching patrols are often ill- 
equipped to tackle the problem. 


Population crash 

@ Tiger numbers have fallen dramatically 
throughout its Asian range—by 
95 percent in 100 years. 

@ Habitat loss, hunting, and poaching 
have all led to the decline of tigers. 

@ Three sub-species—the Amur, 
Sumatran, and South China tigers— 
are classed as critically endangered. 

@ Two other subspecies, the Indian or 
Bengal tiger and the Indo-Chinese 
tiger, are classified as endangered. 


India and Project Tiger 

@ India contains 60 percent of the 
world’s tigers; it was still legal to 
hunt them as recently as 1970. 

@ In 1973, Project Tiger was started with 
the aim of ensuring the maintenance 
of a viable population of tigers in India 
for their scientific, economic, 
aesthetic, cultural, and ecological 
values. 
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Hunted for their horns 
e@ The demand for rhinoceros horn as an 
aphrodisiac or for making ornaments 


such as dagger handles has caused the 
most rapid decline ever known ina 
group of large land mammals. 

@ The world’s rhino populations have 
fallen by 90 percent since 1970. 


Status of the rhino 

@ Concerted conservation measures 
taken in South Africa have brought the 
white rhino back from the verge of 
extinction. 

@ There are 11,330 white rhinos in the 
wild and it is now the only species that 
is not endangered. 

@ The two-horned African black rhino 
suffered a very dramatic decline from 
100,000 animals in 1960 to 3,610 
surviving today. 

@ There are approximately 60 Javan 
rhinos surviving in the wild. They are 
found only in one park in Indonesia, 
with some additional animals in 
Vietnam. 

@ Fewer than 300 Sumatran rhinos 
survive in small forested areas of 
Malaysia and Indonesia. 

e Efforts to save the Indian rhino have 
resulted in a small increase in numbers 
to 2,500 individuals, but heavy 
poaching continues. 


Conservation measures 

@ The plight of the rhino has produced 
innovative conservation measures. 

@ Black rhinos in Zimbabwe and Namibia 
have been systematically caught and 
de-horned to discourage poachers. 

@ The principle market for rhino horn is 
traditional eastern medicine. 

@ To combat this, pharmaceutical 
substitutes are being prepared for 
suppliers as an alternative to 
powdered horns. 


Poaching case study: 
rhinoceros horns 
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The Caribbean 


@ The Caribbean archipelago consists of 


three main groups of islands: the 
Bahamas, the Lesser Antilles, and the 
Greater Antilles. 

@ Collectively they are a biodiversity 
hotspot and contain many endemic 
species. 


St Vincent parrot 

@ The St Vincent parrot (Amazona 
guildingii) is found only on the 
Caribbean island of St Vincent, and 
was first listed as endangered in 1970. 

e@ The main causes for its dramatic 
decline was trade, hunting, and bad 
weather conditions such as hurricanes. 

e Numbers hit an all-time low in the 
1980s after a volcanic eruption and a 
hurricane hit the island. 

@ Today, the entire population on St 
Vincent numbers about 800 individuals 
and it has been reclassified as 
vulnerable. 


North America 

@ North America covers a vast area and 
certain parts are very rich in species. 

@ Pressures from an expanding 
population and pollution cause many 
species to be threatened. 

e@ However, there is legislation in place 
to protect these threatened species. 


The whooping crane 

@ The whooping crane (Grus 
americana), at approximately five feet 
(1.5 m) tall, is the tallest bird in the 
United States. 

e@ The population dropped from 1,500 
individuals in the late nineteenth 
century to just 16 by the 1940s. 

e Extinction was narrowly avoided, and a 
slow and slight recovery has increased 
numbers to more than 200 individuals 
living in the wild today, but the 
whooping crane is still classified as 
endangered. 
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South and Central America 


e South and Central America contain 


many important biodiversity hotspots, 
including the Amazon rainforest, the 
largest forest on Earth. 

@ Many species in the Amazon and other 
large areas of forest have yet to be 
described, and the rapid destruction of 
these habitats is causing many species 
to become threatened. 


Amphibians in trouble 

@ The amphibians have suffered a 
particularly rapid decline in recent 
years. 

@ The Global Amphibian Assessment 
(GAA) was set up to assess all 5,743 
species of amphibian in the world. 

@ One third of the world’s species were 
found to be threatened, and most of 
these inhabit South and Central 
America. 

@ The countries with the largest number 
of threatened species are Colombia 
(208), and Ecuador (163). 

@ Alongside habitat loss and other 
human pressures it is thought that a 
newly recognized fungal disease is 
causing massive amphibian mortality. 


The giant otter 

@ The giant otter (Pteronura 
brasiliensis), the largest otter species 
in the world, lives throughout the 
rivers and waterways of South 
America. 

@ It can reach six feet (1.8 m) from 
nose to tail and is prized for its thick, 
dense fur. 

@ The giant otter is classed as 
endangered. It is estimated that there 
are only between 1,000 and 5,000 
individuals left in the wild. 

@ It is thought that a slow reproduction 
rate, low population densities, a 
natural curiosity, and prized fur have 
led to a rapid reduction in numbers 
even with low levels of hunting. 
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Europe 

@ Europe covers a large land area and 
has supported human populations 
since prehistoric times. 

@ As a result, many of the unique 
habitats and species that once existed 
there have become extinct. Ever 
expanding populations and habitat 
loss has also led to many species 
becoming endangered. 

@ However, throughout much of Europe 
there is strict wildlife legislation, which 
now protects many threatened animals 
and their habitats. 


Mediterranean hotspot 

e@ The Mediterranean ecosystem in 
Europe has a very high number of 
endemic plant species. 

@ Of the 22,500 species of plants found 
here, 11,700 (52 percent) exist 
nowhere else. 

@ This makes the region very important 
for conservation, particularly since it 
has many threatened species. 


The Iberian lynx 

P @ The Iberian lynx (Lynx 

=F» pardinus) is listed as critically 

endangered by the IUCN and is 

the rarest cat species in the 
world. 

@ Historically it lived throughout Spain 
and Portugal, but now exists only in 

scattered populations, most of which 

do not have long-term viability. 

@ Lynx populations rapidly declined in 
the last quarter of the twentieth 
century from around 1,500 animals in 
the late 1970s to only 135 by 2004. 

e This decline is thought to be mainly 
due to the loss of its main prey, the 
rabbit, which was wiped out by 
myxamitosis. 

e Hunting, habitat loss, and human 
encroachment have also been 
responsible for the lynx’s decline. 
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Asia and biodiversity 

e@ Asia covers a vast area that includes 
many different habitat types and a 
staggering array of biodiversity. 

@ In many countries there is illegal 
logging, hunting, and habitat 
conversion underway at a rapid pace. 

@ Many species are consequently under 
threat. 


Indonesia 

@ Indonesia is one of the most 
biologically diverse countries in 
the world. 

@ However, growth-oriented 
development policies are placing 
mounting pressure on natural 
resources. 

@ The result has been a huge reduction 
in suitable habitats for endangered 
species. 

e Indonesia now has 146 threatened 
mammal species, far more than any 
other country in the world. 

@ It also has 121 threatened bird species, 
a figure matched only by Brazil. 

e Pollution, deforestation, erosion, and 
corruption in the government are only 
adding to the problems. 

@ Other countries in Asia, such as China, 
India, Malaysia, and Sri Lanka, all have 
large numbers of threatened species 
that require conservation. 


The last tiger stronghold 

@ The Sundarbans area of India and 
Bangladesh is the world’s largest 
mangrove forest. 

@ It is home to the largest remaining 
population of wild tigers. 

@ Recent estimates put the number of 
tigers on the Bangladesh side at 500, 
with around 250 on the Indian side. 

@ The Sundarbans is protected as a 
World Heritage Site, but more than six 
million people live in and around the 
forests, and it is hard to limit their 
environmental impact. 


East Asia 
China 


Japan 37 is) 11 20 27 25 20 2 205 
Korea, Republic of (South) 12 34 0 1 Zi 0) 1 0 55 
Mongolia 13 22 (0) 0 1 6) 3 0 39 


North Asia 
Belarus 


South and Southeast Asia 
Bangladesh 22 23 


British Indian Ocean Territory 0 (0) 
Cambodia 4. 
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Nepal 3 
Singapore 0) 
Thailand 4 


Vietnam 


23 
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West and Central Asia 
Afghanistan 


Azerbaijan 11 11 5 0) 5 0) 6 (0) 38 
Palestinian Territories 
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North Africa \ < Total Sub-Saharan Africa 
Algeria 12 i 2 1 10 0 12 2 50 @ South of the Sahara, Africa contains a 
Egypt 6 17 6 0 14 0) 1 2 46 ; : ‘ ; 
Exe 5 7 3 0 9 0 0 1 25 variety of habitats including savannah, 
Morocco 12 13 2 2 il (e) 8 2 50 rainforests, and important coastal 
Tunisia 10 9 3 0 9 0 5 (0) 36 environments. 
Western Sahara a 3 0 0 u 0 0 19 @ Many species of animal and plant exist 
SUBESanaranvAtricn in Africa, including the largest 
Angola aa 20 4 fe) 9 5 1 26 76 mammals found on land. 
Benin 6 2 1 (0) 8 (6) (0) 14 31 @ Animals such as elephant, buffalo, 
Botswana 6 9 0 0 0 0 0 0 15 giraffe, and wildebeest (gnu) all 
Burkina Faso 6 2 1 0 0 (0) 0 2 11 is ; Sota 
Burundi 7 9 0 6 0 1 3 5 28 require large areas to live in and 
(Canilaei A2 18 1 50 25 1 3 334 A84 often travel great distances across 
Cape Verde 3 4 (6) (0) 14 (0) (6) 2 23 national borders. 
Central African Republic 11 3 1 (0) (0) 0) 0 15 30 @ Many species of animal and plant are 
eae) ue 2 : 0 0 : e 2 a threatened by habitat loss caused b 
Comoros es) 2 0 4 0 4 5 27 ian! aes 
Congo 14 4 1 0 10 1 0 35 65 fast growing populations and illegal 
Congo, DR 29 30 2 ig} 10 14 8 65 171 hunting. 
Cote d'Ivoire 23 11 2 14 11 1 Oo 105 167 e@ Poaching in many countries has been 
Djibouti 4 6 0 ) 9 0) ) 2 21 cul aan 
Equatorial Guinea il7/ 6 2 5 8 0 2 61 101 vem 5 Oe HOES Oi 
Fritrea 9 7 6 0 9 0 0 3 34 vast areas involved, the limited 
Ethiopia 35 20 1 9 (0) 3 3 2p 93 resources, and lack of infrastructure. 
Gabon 11 5 1 2 12 0 ib ily! 139 @ Some species have been driven to the 
Gambia 3 2 L 0 = 0 0 = a brink of extinction by illegal hunting. 
Ghana 15 8 2 10 8 0 0 117 160 : : 
Guinea 18 10 1 5 8 0 3 22 67 @ All problems in Africa are confounded 
Guinea-Bissau 5 1 1 () 10 0) 1 4 22 further by widespread poverty. 
Kenya 33 28 5 4 29 16 11 103 229 
Lesotho 3 7/ (@) (0) 1 0 1 il 13 The highland gorilla 
Liberia 20 il 2 4 8 1 2 46 94 athe hiehland illa (Gorill, ‘ll 
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Malawi 7 13 0 5 0 9 2 14 50 lives in remote areas of Rwanda, the 
Mali 12 5 1 (0) 1 (6) (0) 6 25 Democratic Republic of the Congo, 
Mauritania Hf 5 2 0 11 0 1 fe) 26 and Uganda. 
Pisani 2 = 2 e i a 2 Bh ay @ They are classed as criticall 
Mayotte 0 3 2 0 1 0 1 0 7 y y 
Mozambique 12 23 5 3 21 4 1 46 115 endangered and now number only 
Namibia 10 18 4 1 11 1 (0) 24 69 350 individuals in the wild. 
Niger 10 2 ) 0 0 ) 1 2 15 e Illegal hunting and trapping for meat 
a ad : ° sl a 2 . we a and trophies have been the main 
Rwanda 13 9 0 8 0 0 4 3 37 causes of its decline. 
Saint Helena 1 20 1 (0) 10 0) 2 26 60 @ Dedicated conservation groups 
Sao Tomé and Principe 3 10 1 3 7 1 1 35 61 provide the highland gorilla with 
Senegal 1 5 6 0) 18 0) (0) qf 47 E “ahexdladc ian vexn fia tila 
Seychelles ns 3 ane 2 2) AS 84 noun the clos pre vom ane 
Sierra Leone 12 10 3 2 8 0 4 47 86 hope that it will survive. 
Somalia il) 13 2 (0) 16 1 (0) 17 64 
South Africa 29 36 20 21 49 18 109 75 ehey/ 
Sudan 16 10 2 (0) 8 0 2 il7/ I5}5) 
Swaziland 6 6 0 0 (0) 6) 0) 11 23 
Tanzania 34 Sy/ 5 40 28 17 16 239 416 
Togo 7 2 2 3 8 0 (0) 10 32 
Uganda 29 15 0 6 27 10 9 38 134 
Zambia 11 12 (0) 1 0 4 Ss 8 39 
Zimbabwe 8 10 (0) 6 0 0 2 17 43 
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Oceania 


Oceania 


@ Oceania consists of the many Pacific 


American Samoa 


Christmas Island 10) 5 3 0) 4 (0) (0) il 13 
Cook Islands 1 Is} 2 10} 4 0 0 1 23} 
endemic species on the small isolated 
islands that are often threatened with French Polynesia 3 26) 1 0 9 29 0 a7 122 
extinction. \ 5 
e Australia, New Zealand, and Papua Kiribati (0) 5 1 (0) 4 1 (0) (0) al 
New Guinea all contain many unique 
Micronesia 6 8 2 0) 6 4 0) 4 30 
human population pressures many of ( 
these are also threatened. New Caledonia 6 16 2 0 10 10 il 217 262 
e Australia has the largest number of 
threatened species in the region at Niue i) 8 1 0) 3 ) 0) 0) 12 
621, including 63 mammal species bs 
and 60 bird species. Northern Mariana Islands 2 13 2 0) 8) 2 0) 4 28 
The kagu Papua New Guinea 58 33 ©) 10 Sill 2 10. =: 142 295 
on a ee 
bird endemic to New Caledonia, where Salniod 3 u : o : : o ue 
it is found in a variety of habitats from Tokelau 0 1 2 0 3 0 0 0 6 


scrub to forests. 


@ This species is classified as endangered Tuvalu 0 1 1 0 5 1 0 0 8 


on the basis of its very small, 


island states plus Australia, New 
Zealand, and Papua New Guinea. 
@ As in the Caribbean, there are many 


species, and due to habitat loss and 


fragmented populations with very 

restricted extents. Vanuatu 5 fe) fo) 10 29 
@ The current total population is 

estimated at 654 individuals. 


Corroboree frog 

@ The corroboree frog (Pseudophryne 
corroboree) is found only in a very 
small area of snowgum woodlands and 
sphagnum bogs in Kosciuszko National 
Park in New South Wales, Australia. 

@ Corroboree is the aboriginal word for 

; ; Corroboree frog 

a gathering or meeting; these frogs 
used to gather in large numbers to 
mate. 

@ Today, only a few hundred corroboree 
frogs remain in three populations and 
the species is listed as endangered. 


Biodiversity hotspots 


Hotspots 

1) Atlantic forest 

(2) California floristic province 
3) Cape floristic region 

0 Caribbean islands 


5) Caucasus 
6) Cerrado 


@ Chilean winter rainfall-Valdivian forests 
8) Coastal forests of Eastern Africa 

(9) East Melanesian islands 

(10) Eastern Afromontane 

@ Guinean forests of West Africa 


® Himalaya 


® Horn of Africa 


(14) Indo-Burma 


(15) lrano-Anatolian 

© Japan 

@ Madagascar and Indian Ocean islands 
(18) Madrean pine-oak woodlands 

© Maputaland-Pondoland-Albany 

20) Mediterranean basin 

@ Mesoamerica 


(22) Mountains of central Asia 
(23) Mountains of southwest China 
@ New Caledonia 

(25) New Zealand 


@ Philippines 


(27) Polynesia and Micronesia 


(28) Southwest Australia 
(29) Succulant Karoo 
& Sundaland 


(31) Tropical Andes 
(32) Tumbes-Choc6-Magdalena 


(33) Wallacea 


(34) Western Ghats and Sri Lanka 
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Hotspots explained 

@ Diversity hotspots are areas supporting 
a rich assortment of endemic species 
of plants and animals that are faced 
with exceptionally high levels of 
habitat loss. 

@ A recent investigation identified 34 
areas containing the most threatened 
reservoirs of plant and animal life 
worldwide. 

@ These 34 hotspots cover just 
2.3 percent of Earth’s surface yet 
support an estimated 42 percent of 
terrestrial vertebrates and 50 percent 
of all vascular plants that are found 
nowhere else. 

@ British ecologist Norman Myers 
conceived the “hotspots” concept 
in 1988 as a way of pinpointing key 
areas of global conservation concern 
requiring high levels of funding. 


The oceans 

@ The oceans, which cover 71 percent 
of Earth’s surface, are areas of 
particularly high biodiversity. 

e@ More than 9,000 species of fish are 
exploited for food and provide the 
primary source of animal protein for 
large numbers of coastal communities 
throughout the world. 


Pressures 

@ In the Asia-Pacific region, severe 
population pressures and 
industrialization have created a 
high demand for land and 
natural resources. 

@ Logging, land clearance, and 
associated forest fires have devastated 
areas of high biodiversity in Indonesia. 

@ Logging, road building, mining, and oil 
exploration threaten some of the 
world’s most biologically and culturally 
diverse areas in the tropical Andes of 
South America. 
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Reef hotspots 

@ Coral reefs are important marine 
habitats that support a great diversity 
of species. 

@ The top ten coral reef hotspots 
account for 34 percent of restricted- 
range coral reef species. 

@ Eight of them are close to a 
biodiversity hotspot. 

@ Activities destroying habitats in the 
biodiversity hotspot areas also 
contribute to coral reef destruction. 


Reefs under threat 

@ More than 60 percent of the world’s 
reefs are threatened by human 
activities. 

@ Reef degradation and destruction in 
these hotspots will deprive some of 
the world’s poorest people of an 
important source of nutrition and 
livelihood. 

@ In the Philippines, coastal populations 
obtain more than 70 percent of their 
protein from seafood. 

@ The leading causes of reef destruction, 
along with intense fishing and climate 
change, are sediments, nutrients, and 
other pollutants from farming, logging, 
and development. 

@ Global warming is also already 
believed to be responsible for 
destroying or severely degrading 25 
percent of the world’s coral reefs. 

@ About six percent of the world’s land is 
in protected parks and reserves but at 
sea, less than 0.5 percent is afforded 
any legal protection at all. 


Bleaching 

@ When corals are damaged by nutrients 
and pollutants in the water they are 
said to be “bleached.” 

@ This is when the symbiotic organisms 
inside the coral die. 

@ Bleached corals turn pale and 
eventually entire reefs may die. 


Hawaiian 


Coral reef h 


Top ten coral reef hotspots 


@ Philippines 

2] Gulf of Guinea 

3) Sunda Islands 

(4) Southern Mascarene Islands 
5 Eastern South Africa 


Areas with high concentrations of species 


Islands 


Gulf of g 
Se St Helena Western 
California and Australia 
Ascension v 
Islands 


otspots 


6 Northern Indian Ocean 

7) Southern Japan, Taiwan, and southern China 
6 Cape Verde Islands 

(9) Western Caribbean 

© Red Sea and Gulf of Aden 


Great Barrier Reef 
Lord Howe Island 


Protected areas 
worldwide 


Countries with more than 15 percent of total land area 


protected, 2003 
& 
» ~ 
e .% 


od 
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IUCN protected area categories 
la Strict Nature Reserve: protected area managed mainly for science 


- 


Ib Wilderness Area: protected area managed mainly for wilderness protection 


Il National Park: protected area managed mainly for ecosystem conservation and 
recreation 


Ill Natural Monument: protected area managed for conservation of specific natural 
features 


IV Habitat/Species Management Area: protected area managed mainly for conservation 
through management intervention 


V_ Protected Landscape/Seascape: protected area managed mainly for 
landscape/seascape conservation and recreation 


VI Managed Resource Protected Areas: protected area managed mainly for the 
sustainable use of natural ecosystems 


Ten largest protected areas 


Size in square IUCN 
Site name miles (km2) category Designation 


Northeast Greenland 375,300 (972,000) Il National Park 


Ar-Rub'al-Khali, Saudi Arabia 247,100 (640,000) Vi Wildlife Management 
Area 


Great Barrier Reef, Australia 133,000 (344,360) VI Marine Park 


Northwestern Hawaiian Islands 131,800 (341,362) Coral Reef Ecosystem 
Reserve 


Qiangtang, China 115,000 (298,000) Nature Reserve 
Macquarie Island, Australia 62,600 (162,060) Marine Park 


Sanjiangyuan, China 58,800 (152,300) Nature Reserve 


Northern wildlife zone, 39,000 (100,875) Wildlife Management 
Saudi Arabia Area 


Ngaanyatjarra Lands, 37,900 (98,129) Indigenous Protected 
Australia Area 


Alto Orinoco-Casiquiare, 32,400 (84,000) Biosphere Reserve 
Venezuela 
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Globally protected areas 

@ The United Nations published a list of 
protected areas throughout the world 
in 2003. 

@ The report details 102 protected areas 
covering 7.03 million square miles 
(18.2 km2), 

@ The IUCN defines a protected area as 
“an area of land and/or sea especially 
dedicated to the protection and 
maintenance of biological diversity, 
and of national and associated cultural 
resources, and managed through legal 
and other effective means.” 


IUCN categories 

@ Protected area designations used by 
different countries are often not 
comparable due to differences in 
local legislations. 

e@ More than 1,000 different terms are 
currently in use around the world. 

@ It was necessary to create a single 
international system for designating 
protected areas that everyone could 
understand. 

@ The IUCN categories were created and 
based on management objectives. 
They range from category Ia—strict 
nature reserves mainly for scientific 
study; to category VI—nature reserves 
that can be used as sustainably 
managed resources. 

@ Not all protected areas have assigned 
IUCN categories. 

@ More than 34,000 protected areas 
covering 1.39 million square miles 
(3.6 million km?) are without IUCN 
categories and so represent a 
significant proportion of the global 
conservation area. 

@ To date, however, only 67 percent of 
protected sites or 81 percent of the 
protected land area has been assigned 
an IUCN category. 
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The biosphere project 

@ Biosphere reserves are areas of 
terrestrial or coastal ecosystems, 
internationally recognized under the 
Man and the Biosphere (MAB) 
Program of the United Nations 
Educational, Scientific and Cultural 
Organization (UNESCO) . 

@ They are created to promote the 
conservation and sustainable use of 
biodiversity. 

@ They are nominated by governments 
and are testing grounds for new and 
innovative management techniques of 
land and water conservation and 
biodiversity. 


Appointing a biosphere 

@ To be designated a biosphere reserve, 
an area must first fulfill three criteria: 

@ It must have a conservation function 
that adds to species, genetic variation, 
and ecosystems. 

@ It must have a developmental function 
that helps to promote sustainable 
human and economic development. 

@ The area must have a logistic function 
by supporting research and the 
sharing of information relating to 
global conservation and development. 

@ Biosphere reserves are not covered by 
any international conventions, but 
must meet the above criteria to qualify. 

@ Together, all the biospheres form a 
worldwide network that shares 
information and skills. 


Biosphere zones 

@ The reserves are created using a 
number of zones including a buffer 
zone, a transition zone, and a core 
area that is the only zone offered legal 
protection. 

@ It is important that these zones are 
managed correctly and that the needs 
of any local and indigenous people 
are respected. 


International biosphere 
reserves 


Biosphere reserves 


North America 


Europe 


Zoning in a biosphere reserve 


buffer zone 
@@ human settlements 

core area i : 
transition area research station or 


experimental research site 
*) monitoring 
) education and training 


i) tourism and recreation 


World Heritage Natural 
Sites 


World Heritage Natural Sites 
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cae 


Caribbean Sea 
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Natural and cultural 

heritage 

@ World Heritage Sites are defined under 
the World Heritage Convention, which 
came into force in 1975 and has been 
signed by 180 countries. 

@ UNESCO sought to encourage the 
identification, protection, and 
preservation of natural and cultural 
sites throughout the world that are 
considered to be of outstanding 
value to humanity. 

@ When a World Heritage Site is 
appointed it then belongs to all 
people of the world irrespective of 
the territory on which it is located. 

e@ The World Heritage list currently 
contains 812 properties of which 628 
are cultural, 160 natural, and 24 mixed, 
across 137 countries worldwide. 


Coiba National Park, 

Panama 

@ Coiba is a national park off the 
southwest coast of Panama. It became 
a World Heritage Natural Site in 2005. 

@ The protected site consists of Coiba 
island, 38 smaller islands, and the 
surrounding marine areas. 

e The park contains important tropical 
moist forests that are home to many 
endemic species of mammals, birds, 
and plants. 


Gulf of California 

e An area in the Gulf of California, 
northeastern Mexico, comprising 244 
islands, islets, and coastal areas was 
designated as a World Heritage Natural 
Site in 2005. 

e@ The Gulf of California and the 
surrounding islands have long been 
used to study speciation, and almost 
all major oceanographic processes are 
present here. 

@ The site also contains 39 percent of 
the world’s total species of marine 
mammals and 33 percent of the 
world’s marine cetaceans. 
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States participating in the Ramsar Convention 


Ramsar Convention 

@ The Convention on Wetlands of 
International Importance was signed 
in Ramsar, Iran in 1971 and came into 
force in December 1975. 

e@ Known as the Ramsar Convention, 
this agreement provides a framework 


for international cooperation for the 
conservation of wetland habitats and is 
the only global environmental treaty 
that deals with a particular ecosystem. 

@ The mission of the Ramsar Convention 
is “the conservation and wise use of all 
wetlands through local, regional, and 
national actions and international 
cooperation, as a contribution toward Ramsar sites in North America 
achieving sustainable development 
throughout the world.” 

® Convention signatories are committed 
to designating at least one wetland 
that meets the criteria for the list. 

e@ Currently more than 1,400 wetlands 
from 146 countries are included in 
the list. 


The importance of 

wetlands 

@ Wetlands are defined as areas of 
marsh, fen, peat land, or water, with 
water that is static or flowing, fresh, 
brackish, or salt—including areas of 
marine waters, the depth of which 
at low tide does not exceed 19 feet 
(5.8 m). 

@ Wetlands provide many important 
ecological services, such as water 
filtration, and can act as natural buffer 
zones for human settlements. 

@ They also provide a habitat for many 
species of plant and animal and 
constitute a resource of economic, 
scientific, and recreational value. 


e@ Ramsar site 


Environmental disasters 


Environmental disasters in modern society 


( Tao ft 
ee 
The industrial Dd 


processes and 
nuclear power activities of toxic discharges 
modern societies 
often give rise to 
environmental 
disasters. 


hazardous wastes oil spillages 


Shrinkage of the Aral Sea 

The maps chart the shape and size of the Aral Sea from 
1960. Most of the shrinkage has occurred with the 
increasing industrialization of local agriculture since 1985. 


Kazakhstan 


Caspian Sea 
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Environmental disasters 
e@ The environmental effects of human 


carelessness in the disposal of toxic 
substances have sometimes been 
disastrous and the cause of many 
deaths. 

@ The disposal of volatile substances 
such as chlorine, toluene, and propane 
gas, and even their transport, are 
hazardous undertakings that can 
have disastrous outcomes. 

e Unrefined oil, if released at sea creates 
a thick viscous film that is extremely 
difficult to remove. 

@ If they become coated with oil, sea 
creatures, especially birds, often die in 
large numbers. 

@ Many of the huge range of chemicals 
now produced are highly toxic, yet 
they are commonly released into rivers 
and seas with little thought for their 
effects on either wildlife or humans. 

@ Nuclear power and fuel, once hailed as 
the answer to cheap trouble-free 
electricity have, through a series of 
terrible accidents, come to be 
regarded as very high risk options for 
power generation. 

e@ However, environmental disasters do 
not only result from the release of 
chemicals or toxic substances. 


The shrinking Aral Sea 

@ The Aral Sea is an enclosed lake in the 
central part of the Turanian Plain, 
Central Asia, fed by the Amu Darya 
and Syr Darya, two of the largest rivers 
in the region. 

@ Originally the fourth-largest lake in the 
world, the Aral Sea has now shrunk to 
eighth-largest. 

@ This has been caused almost entirely 
by the diversion of its feeder rivers 
for irrigation purposes, with the 
surrounding irrigated land having 
increased from 7.4 million acres 
(3 million ha) to more than 20 million 
acres (8 million ha) today. 
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oil spill 
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1970-79: 
Number and frequency 25.2 spills per year 


@ In the United States alone, 14,000 oil 
spills are reported to the Environment 
Protection Agency each year, the vast 
majority of which involve small 1980-89: 

amounts of oil. 9.3 spills per year 

@ Large spills of more than 700 tons 
from tankers are rare and their 
frequency has decreased significantly 
in the last 30 years. 


@ Although few in number, these large 


ray 
o 


spills can have devastating 


Number of spills more than 700 tons 


consequences for the environment. 

@ Large spills account for a high 
percentage of the total oil spilled and 
in the ten-year period 1990-99 one 
percent of incidents were responsible 
for 75 percent of the total oil spilled. 


Quantity spilled 

@ Over the past 30 years, the total 
amount of oil spilled per year has 
varied widely from 670,000 tons in 
1979 to 9,918 tons in 1995. 

@ Around 85 percent of spills are classed 
as small (less than seven tons). 

e@ The worst year for oil spills was 1979 
when, of the 670,000 tons spilled, 
316,000 tons was from a single 
accident, the Atlantic Empress 
collision near Tobago in the Caribbean. 


Causes of oil spills 

@ Most tanker spills happen during 
routine operations in ports, or at oil 
terminals while oil is being loaded or groundings 
unloaded, or the ship is being 
refueled. 

@ Most of the large spills are caused by 
collisions or groundings and 20 collisions 
percent of these accidents result in 
discharges of more than 700 tons. 


+t 10 year average 


1990-59; 
7.8 spills per year 


2000-04: 
3.8 spills per year 


@ Natural oil seeps and human activity hull failures 
on the land also contribute to the total 
amount of oil spilt. loading/discharging 


fire and explosions IS Zi 0.3% 


other 


other/unknown : 
operations 


The world’s worst 
oll tanker spills 


The worst oil tanker spills resulting in coastal pollution 


Rank Ship 


1 


3 


11 


Atlantic Empress 


Amoco Cadiz 


Torrey Canyon 


Independenta 


Braer 


Exxon Valdez 


Year 


1979 


1978 


1967 


1979 


1993 


1989 


Location Oil lost (tons) 


off Tobago, West Indies 316,000 


off Brittany, France 246,000 


Scilly Isles, United Kingdom 131,000 


Bosphorus, Turkey 105,000 


Shetland Islands, United Kingdom 94,000 


Prince William Sound, Alaska 41,000 
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Damaging oil spills 


@ The most damaging oil spillages are 


not necessarily the largest. 

@ When oil is spilled close to 
environmentally sensitive areas such as 
natural coastlines and marine reserves, 
it can cause widespread damage. 

@ The Exxon Valdez oil spill in 1989 is 
very well known because of the 
extensive damage to the Alaskan 
coastline that resulted, yet it is only 
ranked as the 35th biggest oil spill of 
all time. 

@ Large spills out at sea attract relatively 
little publicity because quite often they 
do not cause damage on the scale of 
spills near coastlines. 

@ The ABT Summer, for example, spilled 
280,000 tons of oil 700 nautical miles 
off the coast of Angola in 1991. 

@ The coastline was not immediately 
polluted so the accident escaped 
widespread media attention. 


Spills caused by war 

@ Occasionally, oil fields and refineries 
have been set ablaze and tanker 
terminals discharged into the sea 
deliberately during conflict or war. 

e@ The most extreme and destructive 
example of this tactic was in 1991 
during the first Gulf War when the 
Iraqi leader Saddam Hussein ordered 
the destruction of Kuwait’s extensive 
oil fields and the release of oil into 
the Gulf. 

@ However, due to the dangerous 
situation it is very difficult to estimate 
the amount of oil burned or spilled 
into the environment during warfare. 

@ It is estimated that the quantity of oil 
released into the Gulf in 1991 was 
between 0.5 and 11 million barrels, 
which is equivalent to about 32 tanker 
spills on the scale of the Exxon Valdez. 
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Deliberate oil spill 

@ The biggest oil spill to date occurred 
during the 1991 Gulf War when the 
Iraqi Army occupying Kuwait began 


destroying tankers, oil terminals, and 
oil wells in late January 1991. 

@ Approximately one million barrels of Belinaia 
oil spilled onto the land and about 
eight million barrels of oil spilled 
directly into the Persian Gulf, forming 
a 600 square mile oil slick. Saudi Arabia 

@ Four hundred miles of the western 
shoreline of the Gulf was polluted with 
oil and between 15,000 and 30,000 
birds were killed. 

@ An estimated third of the total amount 
of oil released evaporated. 


Smoke and soot plume in 
Gulf region on February 2, 1991 
Air pollution ae oilfield fires 


@ About 74 million tons of oil was maximum concentration at 
16,000 feet altitude —-—— 


burned, which produced about 
2.3 million tons of soot and 
2.2 million tons of sulfur. 

e@ The smoke from the burning oil 
created darkness during daylight hours 
and the World Health Organization 
(WHO) estimated that death rates in 
Kuwait rose by ten percent over the 
following year because of associated 
breathing difficulties and skin 
problems: Saudi Arabia 

Massive cleanup operation 


@ Recovery operations using skimmers, Extent of oil slick in 
After 30 days : the Persian Gulf 


truck db hains of 
vacuum trucks, and booms (chains o January=March'1991 


floating timbers) recovered 1,400,000 
barrels of oil from the Gulf. 

@ The water intakes of desalinization 
plants, industry, and power plants 
were protected by booms and 
skimming operations. 

@ Sensitive natural areas were also 
boomed to reduce oil contamination. 


Saudi Arabia : Saudi Arabia 


After 50 days ue After 80 days 


Nuclear disaster 1: Three 
Mile Island, USA, 1979 


How a pressurized water reactor (PWR) works 


A pressurized water reactor (PWR) generates heat by promoting nuclear fission in the reactor 
core. Control rods slow the reaction by absorbing neutrons, so they are withdrawn to allow 
the reactor to heat up to operating temperature. Water, kept under pressure to prevent it 
boiling, circulates through the core and carries heat from the reactor to a heat exchanger. The 
heat exchanger boils separate water in the steam generator. The steam spins a turbine 
connected to a generator, which produces electricity. 
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What went wrong at Three Mile Island 


e@ At 4.00 a.m. on March 28, 1979 a minor malfunction stopped 
water flowing around the secondary cooling circuit. This allowed 
the temperature of the water in the primary cooling circuit to 
rise, increasing its pressure. 

e A safety valve opened to relieve the pressure building up in the 
reactor vessel. 

@ The reactor “scrammed”—the control rods automatically dropped into 
the reactor to shut it down. 

@ The relief valve should then have shut, but became stuck open, allowing more coolant to 
escape. The operators did not realize this was happening. 

e@ Emergency pumps automatically pushed replacement water into the reactor system, but 
the operators shut these down, believing that the reactor vessel was already full of coolant. 

e As coolant boiled away, the reactor became hotter and the core was partly exposed, 
damaging the fuel rods and releasing radioactive material, some of which escaped into the 
environment. 

e@ A chemical reaction in the exposed part of the reactor produced hydrogen, some of which 
ignited, raising fears of a major explosion. 

@ |t took a month to achieve a safe “cold shutdown,” with the reactor cooled by convection 
of unpumped coolant. 
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Three Mile Island reactor 

e@ The Three Mile Island pressurized 
water reactor (PWR) power station is 
near Harrisburg, Pennsylvania. 

@ The original nuclear reactor entered 
service in 1974 and is still working 
today. 

eA second reactor, which had just 
entered service, was destroyed in 
March 1979. It was the first major 
accident at a commercial nuclear 
power plant and the worst in 
United States history. 


Human and mechanical 

error 

@ A combination of human error, 
mechanical failure, and poor 

control room design led to a 
loss of coolant involving a 
partial reactor core 
meltdown, and the release of 

radioactivity into the 
environment. 

@ Nobody was killed and no 
adverse health effects 
caused by radiation have 
been found in the 
population around Three 

Mile Island. 
@ The average radiation 
dose to people within 
ten miles of the plant 
was eight millirem— 
7 about the same as 
». having a chest X-ray. 


Cleaning up the leak 

@ The clean up took 12 years and cost an 
estimated $1 billion. 

@ The accident caused widespread alarm 
and dealt a serious blow to public 
confidence in nuclear energy, leading 
to a sharp decline in nuclear power 
construction throughout the 1980s 
and 1990s. 
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Worst ever nuclear 

accident 

@ The accident at the Chernobyl! nuclear 
power plant in Ukraine (former USSR) 
on April 26, 1986 was the most serious 
in the history of nuclear power. 

@ The accident was the result of a flawed 
reactor design, operated by 
inadequately trained personnel with 
insufficient safety awareness. 

@ The resulting steam explosion and fire 
released about five percent of the 
radioactive reactor core into the 
atmosphere. 

@ Most radioactive material was 
deposited over a wide area around the 
plant, but a significant amount was 
carried downwind. 

@ The fallout contaminated about 
58,000 square miles (150,000 km2) of 
Belarus, the Russian Federation, and 
Ukraine, with a combined population 
of about five million people. 


Fallout 

@ Traces of radioactive fallout from 
Chernobyl have been detected 
throughout the Northern Hemisphere. 

@ Thirty power plant employees and 
firemen were killed within days or 
weeks, including 28 with acute 
radiation syndrome. 

e@ Seven hundred cases of thyroid cancer 
have been linked to radiation exposure 
resulting from the accident. 

e During 1986, about 116,000 people 
were evacuated from around the 
reactor and 220,000 people were 
relocated from the contaminated area. 

@ A UN report found that there is no 
firm scientific evidence of significant 
radiation-related health effects to most 
of the estimated one million people 
exposed. 

@ Psychosocial effects among those 
affected are, however, emerging as a 
serious problem, similar to those 
arising from other major disasters, 
such as earthquakes, floods, and fires. 


Nuclear disaster 2: 
Chernobyl, Ukraine, 1986 


The accident at Chernobyl 


Prior to a routine shutdown, the crew at Chernobyl Reactor Number 4 began preparing for 
a test to find out how long the turbines would spin and supply electricity following a loss of 


power from the reactor. 


They carried out a series of actions, including disabling automatic shutdown mechanisms and 
withdrawing control rods in contravention of safety protocols. 
Similar tests had been carried out at Chernobyl and other plants, despite the fact that these 


Chernobyl radioactiv. ; 


upper 
biological 
shield (UBS) 


core region 
(empty) 


reactors were known to be very 
unstable at low power. 

As the flow of coolant water was 
reduced, the reactor became hotter. 
When the operator tried to shut down 
the unstable reactor, there was a 
catastrophic power surge. This was a 
know design problem, resulting from 
the use of graphite as the moderator 
in combination with water as the 
coolant. 

The fuel elements ruptured and the 
explosive force of superheated steam 
blew the massive steel cover plate off 
the reactor, releasing fission products 
to the atmosphere. A second explosion 
threw out fragments of burning fuel 
and graphite from the core and allowed 
air to rush in, causing the graphite 
moderator to burst into flames. The 
graphite burned for nine days, causing 
the main release of radioactivity into 
the environment. 


pile of materials 
dropped from 
helicopters and 
possible location 
of part of the core 
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The Chernobyl aftermath 
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Containing the leak 

@ At least 600 emergency workers 
fought to contain the fire at 
Chernobyl, receiving high doses 
of radiation in the process. 

@ About 5,500 tons of boron, dolomite, 
sand, clay, and lead were dropped by 
helicopter onto the burning core in an 
attempt to extinguish the blaze and 
stop the release of radioactive 
particles. 


Cleaning up the accident 

e About 600,000 civilian and military 
personnel took part in recovery 
operations to decontaminate the area. 

@ The workers also helped with the 
construction of a sarcophagus to 
contain the reactor and a new 
town for reactor workers. 

@ The remaining three reactors at 
Chernobyl resumed operation for 
several years, though the last one was 
decommissioned in December 2000. 

@ The original concrete sarcophagus 
sealing in the wrecked reactor is 
unsafe and remedial work will cost at 
least $715 million. 


Spread of Chernobyl gases 
@ Radioactive material released from the 
Chernobyl explosion included xenon 

gas, iodine, caesium, and 
approximately five percent of any 
radioactive material remaining in the 
reactor after the explosion. 

@ The bulk of the material fell as dust 
and debris in the immediate vicinity 
of the reactor. 

@ Lighter materials were carried by wind 
over southern Russia. 

@ Some circulated over northern Europe 
and the North Atlantic. 
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Mississauga chemical 

release 

e@ Just before midnight on Saturday, 
November 10, 1979 a 106-car freight 
train carrying gases and poisonous 


chemicals was derailed at Mississauga, 
near Toronto, Canada. 

@ Canadian Pacific Railway Train 54 was 
transporting a mixed cargo including 
propane, chlorine, styrene, toluene, 
and caustic soda. 

@ Friction from a faulty wheel bearing 
25 miles from Toronto led to 
overheating, which eventually 
split the axle. 

@ The carriage derailed, followed by 23 
other carriages, many of which burst 
into flames. 

@ Other derailed tanker cars ruptured, 
releasing a volatile mixture of vapors 
and flammable liquids 

@ Within minutes there was a massive 
explosion creating a fireball rising 
5,000 feet (1,524 m) into the air that 
was visible for more than 60 miles. 


Chlorine gas 

e Chlorine gas is heavier than air and 
was used as a chemical weapon during 
the First World War. 

@ As soon as it became known that a 
leaking tanker containing 90 tons of 
chlorine was lying among unexploded 
propane tankers with the potential for 
a major chlorine gas release, an 
emergency evacuation was ordered— 
the biggest in Canadian history. 

@ Out of a total local population of 
284,000 people, 218,000 were 
evacuated. 

e@ A complicated and hazardous 
operation followed to make the 
wrecked tankers safe, but it was found 
that much of the chlorine had been 
sucked up into the flames of the fire 
and dispersed harmlessly over Lake 
Ontario. A disaster on the scale of 
Bhopal, India had been narrowly 
avoided. 


Chemical release I: 
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Chemical release 2: 
Bhopal, India, 1984 


Bhopal, Madhya Pradesh, India 


A lethal cocktail 


1 Water added to or leaking into 
methyl isocyanate (MIC) storage 
tanks causes uncontrolled 
reaction and explosion, releasing 
poisonous gas. 


2 All safety 
systems inoperable 
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Gas escapes at night 

e At midnight on December 2, 1984, 
44 tons of highly poisonous 
methylsocyanate (MIC) gas escaped 
from the Union Carbide Corporation 


pesticide production facility at 
Bhopal, India. 

@ The gas, which is heavier than air, 
stayed close to the ground and was 
swept downwind five miles over 
the town. 

@ MIC is an organic chemical used to 
produce the insecticide Sevin. 

@ The chemical is extremely toxic to 
humans and even brief exposure may 
cause death or serious health effects, 
including pulmonary edema and brain 
damage. 

@ At least 3,000 people died in the night 
and at least another 15,000 in the 
aftermath, with more than 50,000 
permanently disabled. 


Cause of the leak 

@ The precise cause of the release is 
disputed and the official Union 
Carbide investigation concluded 
that the plant was sabotaged by a 
disgruntled employee who added 
water to a tank of MIC in an attempt 
to spoil it. 

@ The addition of water to the tank led 
to a vigorous reaction that raised the 
pressure, and gas was released 
through the relief valve system. 

@ The leak was first discovered at 
11.30 pm but by the time anything was 
done at 12.15 AM, it was too late. 

@ Union Carbide, now owned by Dow 
Chemicals, agreed to an out-of-court 
settlement with the Indian 
government of $470 million in 1989. 

@ A lot of the money never reached the 
victims’ families, with the average 
compensation payment about $580. 
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abundance Term used in ecology to describe plentiful 
amounts of a particular species or resource. 
acidification The process by which geographical areas 
or ecosystems become more acid. 

acid rain Rain acidified by sulfuric, nitric, and other 
acids. 

acute Diseases with a rapid onset and a short though 
severe course. 

Africa The world’s second largest continent comprising 
many of the worlds poorest countries. 

agriculture The science of utilizing land to produce 
crops and raise livestock. 

AIDS Acquired immunodeficiency syndrome, a condition 
that destroys the human immune system. 

air pollution Contamination of the air, especially by 
smoke or gases from vehicles or factories. 

alga (pl. algae) Any of a large number of plantlike 
photosynthetic organisms ranging from single-celled 
creatures to giant kelp in the oceans. 

alkaline Term used to describe substances with a pH 
greater than 7, opposite of acidic. 

alkalinization The process by which ecosystems become 
more alkaline through either natural or human-made 
processes. 

ammonia Nitrogen based chemical (NH;) used to 
manufacture fertilizers. 

amphibian A vertebrate of the class Amphibia 
characterized by having an aquatic larval stage with gills 
and a land-dwelling adult stage with lungs, e.g. frogs. 
anaerobic Term used to describe a process or organism 
that works or lives without the presence of oxygen. 
anthropogenic Any impact on the environment that is 
caused by humans. 

antiretroviral drugs Drugs that inhibit the reproduction 
of retroviruses, used to treat HIV infections. 

arable land Land which has been cultivated for farming. 
archipelago A large group of islands usually distinctly 
grouped together. 

arsenic Highly poisonous element used extensively in 
insecticides and weed killers. 

artisanal fisheries Highly individualistic labor-intensive 
local fishing operations. 

Asia The world’s largest continent comprising many 
developing countries including the two most populous 
nations of the world, India and China. 

asthma A chronic respiratory disease which usually 
arises from allergies. 

atmosphere All the gaseous mass surrounding Earth 
comprising many different layers. 

bacillus thuringiensis A spore forming bacteria that is 
naturally toxic to insects and is used as an insecticide. 
baculovirus A type of virus that specializes as a 
pathogen of insects and is used as a biological control 
agent for the control of pest species. 


baleen A horny material from the upper jaws of baleen 
(filter-feeder) whales that was traditionally used as a 
structural material in the ribs of fans or as stays in 
corsets. 

baleen whale Any of the usually large whale species in 
the suborder Mysticeti that feed on krill using baleen 
plates in their mouth to filter the tiny marine creatures. 
bedrock Solid rock usually found beneath other layers 
that make up Earth’s crust. 

benthic The area or zone at the bottom of the sea or 
lake regardless of depth. 

bioaccumulation When chemicals are stored and 
gradually accumulate in the bodies of organisms. 
biodiversity The full range of species, genes, and 
ecosystems in a given geographical location. 

biological communities Plant and animal species that 
live together and interact. 

biological control Controlling pests using biological 
rather than chemical means, usually by the introduction 
of natural predators. 

biomass The total mass or amount of all living things in 
one particular area. 

biosphere The part of Earth and the atmosphere where 
living organisms exist. 

biosphere reserve Internationally designated areas that 
are managed to combine conservation with the 
sustainable use of natural resources. 

birth control Any voluntary method of controlling the 
number of children conceived, usually involving 
contraception. 

birth defect A physical or mental abnormality that 
develops during or at birth. 

birthrate The rate of live births against the existing 
population in human societies. 

bleaching Phenomenon by which coral lose their colour 
and eventually die as a result of pollution or 
environmental changes. 

blubber A thick insulating layer of fat under the skin of 
large marine mammals such as whales and seals. 
British Thermal Unit (btu) One btu is the amount of 
heat required to raise the temperature of one pound of 
water by one degree Fahrenheit. 

by-catch The part of a fishing catch made up of non- 
target species that is unwanted or commercially 
unusable. 

cadmium A blue and white soft metallic element (Cd) 
used in solders, batteries, and nuclear reactor shields. 
calcium A silvery metallic element (Ca) found in 
limestone that is a major component of animal bone. 
calorie A unit used for measuring the energy content of 
foods (kilocalories). 

cancer Uncontrolled multiplication of cells in the body; 
a major cause of deaths in the developed world. 
carbohydrate Any of a large group of organic 
compounds including starch, sugars, and cellulose. 
carbon cycle The continuous cycle of carbon through 
the atmosphere, oceans, and living organisms. 


carbon dioxide (CO.) A gas naturally found in air, the 
carbon of which is fixed by plants during growth. 
carbon monoxide (CO) A poisonous, colorless, and 
odorless gas produced by the incomplete combustion 
of carbon. 

carbon sink A natural environment that absorbs and 
stores more CO, from the atmosphere than it releases. 
carcinogenic Any cancer-causing agent. 

carnivore Any animal that consumes other animals as a 
source of nutrition. 

cash crop A crop that is grown for direct sale and not 
for animal feed or human subsistence, such as coffee or 
tobacco. 

cereal A grass food crop such as oat, wheat, and corn. 
cesium A silvery-white, soft metal element (Cs) that is 
liquid at room temperature and used in photoelectric 
cells. 

cetacean The whales and dolphins, a group of mostly 
marine mammals that are characterized by having 
smooth, hairless skin. 

chaco A large, mostly uninhabited lowland plain of 
South America. 

chlorine gas A highly poisonous gas made from 
chlorine. 

chlorofluorocarbons (CFCs) Compounds of chlorine 
and fluorine known to deplete the ozone layer and act as 
greenhouse gases. 

cholera Bacterial disease of the small intestine with 
acute symptoms including diarrhea, vomiting, and 
dehydration. 

chronic A long lasting disease or condition where 
symptoms frequently recur. 

climate change The long-term change in the world’s 
weather patterns now thought to be a result of the 
greenhouse effect. 

colonization The act of humans, plants, or animals 
populating an area. 

communicable disease a disease that is transmitted 
between people. 

competition In ecology, when two or more organisms 
demand the same limited environmental resources, such 
as food or living space. 

compound A substance composed of two or more 
elements. 

computer models Computer programs used to predict 
events, trends, or actions by using mathematical 
formulas. 

conservation The protection, preservation, 
restoration, and management of wildlife and natural 
resources. 

contraception The intentional prevention of 
pregnancy through the use of physical barriers or other 
means. 

copper A metal element (Cu) that is a good conductor of 
heat and electricity, used for electrical wiring and water 
pipes, and in the production of alloys. 

coral Marine invertebrate organisms that build reefs. 
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coral reef Rocklike calcium carbonate structures 
composed of generations of coral polyps. 

crop A cultivated plant or agricultural produce, such as 
legumes, grains, vegetables, or fruit. 

crop variety A crop with different characteristics suited 
to growing in different regions. 

crossbreeding The creation of different breeds or 
varieties by hybridization. 

crude oil The base form of oil as it is extracted from the 
ground and used to make all petroleum products. 

cull The controlled reduction of a population of animals 
by killing some of them. 

cultivation When land is prepared to grow crops for the 
production of food. 

dam A physical barrier across a river or other water body 
to control the flow of water or generate power. 

DDD An insecticide similar to DDT with similar 
properties. 

debt burden Term used when a country has a large debt 
which it finds difficult or impossible to repay. 

debt relief A scheme launched in 1996 by the IMF and 
World Bank to reduce debt. 

deciduous Trees that drop their leaves at the end of a 
growing season. 

decomposition The breakdown and decay of organic 
materials. 

deforestation The complete removal of trees from a 
particular region. 

demography The study of characteristics of human 
populations, such as growth, distribution, and density. 
denudation The removal of vegetation and soil, 
exposing the bare rock underneath. 

depletion When resources such as fish stocks become 
reduced from overfishing or pollution. 

desert A barren and desolate geographical area often 
with low rainfall and extremes of temperature. 
desertification The process whereby fertile land 
becomes desert due to overgrazing or the removal of 
vegetation. 

development assistance Monetary assistance provided 
from one country to another to help with development. 
diarrhea Frequent and excessively watery feces usually 
associated with a gut condition or disease. 

diarrheal diseases Any of a number of diseases that are 
associated with diarrhea including food poisoning and 
dysentery. 

Dichloro-diphenol-trichloroethane (DDT) A pesticide 
with dangerous bio-concentration effects; it is banned in 
many countries. 

dieldrin A very toxic chlorinated hydrocarbon compound 
used as an insecticide. 

diversity The biological variation of life in the world. 
diversity hotspot A geographical area containing great 
biological diversity such as a species-rich rainforest. 
Dobson unit A unit of measurement of the ozone in 
Earth’s atmosphere, the normal range of which is 
300-500 Dobson units. 
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doubling time The time it takes a population at current 
growth rates to double in number. 

drift net A very large net supported by floats that is 
carried along in the current. 

drought A long period of low or no rainfall that affects 
the ability to grow crops or obtain freshwater. 
eco-service A services provided by natural ecosystems 
that is of benefit to humanity and would be expensive to 
reproduce if the ecosystem was destroyed. 

ecosystem An ecological community along with its 
environment, functioning together as a unit. 
ecotourism Tourism in areas of ecological or natural 
interest, usually under the guidance of a wildlife expert. 
education The act of learning and acquiring new skills. 
electrolyte An ion such as sodium, potassium, and 
chloride, required for the body to retain water effectively. 
element One of the 92 naturally occurring substances 
that are not combinations of other substances. 

EI Nifio A warming of the ocean surface off the west 
coast of South America that occurs irregularly every 4-12 
years. 

emission A substance such as CO, discharged into the 
air from any type of emitter such as a car or factory. 
endangered species A species of plant or animal in 
danger of extinction. 

endemic species A species that is native to a particular 
region and which generally has a restricted distribution, 
outside of which it does not exist. 

environmental impact A term used to describe the 
effects of a particular action on the environment. 
Environmental Impact Assessment A rigorous 
procedure established to assess the effects of a 
development on the environment. 

environmental persistence The amount of time a 
chemical or substance will remain in the environment 
before breaking down. 

Environmental Protection Agency (EPA) An 
independent federal agency set up to coordinate 
programs that protect the environment and reduce 
pollution. 

epidemic A disease outbreak that spreads quickly and 
affects many individuals in a particular area. 

eradication The total and complete removal of a pest. 
erosion Natural weathering processes such as rain, wind, 
and frost, which cause material to break away from 
Earth’s surface. 

Europe The world’s second smallest continent west of 
Asia comprising many developed nations. 
eutrophication The over-enrichment of water by 
nutrients, causing plants to grow excessively and water to 
deoxygenate with the death of associated organisms. 
evaporation The conversion of a substance from liquid 
to vapor. 

exponential growth When growth occurs at an 
increasingly rapid rate. 

extinction When the last remaining individual of a 
species dies, the species then ceases to exist. 


factory trawler Large fishing vessel that remains at sea 
for months, catching and processing fish. 

fallout The descent to the surface of Earth of tiny 
radioactive particles following a nuclear explosion or 
nuclear accident. 

fallow When an area of farmland is set aside during the 
growing season to allow it to recover. 

family planning The regulation of the number and time 
interval between children in a family through the use of 
birth control. 

famine A shortage of food usually on a national level 
often as a result of drought or war. 

fecundity The potential or capacity for producing 
offspring. 

female sterilization A surgical procedure in which the 
fallopian tubes are blocked or cut, preventing the egg 
from traveling to the uterus for fertilization. 

fertility A measure of the ability of a population to bear 
offspring or the actual birthrate of a population. Also 
used to describe the suitability of land to grow crops. 
fertilizer A substance that make soil more fertile such as 
manure or synthetic chemicals containing nitrates. 
filter-feeding organism An aquatic organism that 
obtains its food by straining or sieving water. 

fishery An area containing at least one commercially 
viable fish species that supports an industry. 

fish stocks A measure or estimate of the abundance of 
commercial fish in a particular area. 

flood protection Physical barriers such as levees, dams, 
and dykes that protect an area from flooding. 

flue A pipe for conveying hot air, gas, or smoke to a 
chimney. 

Food and Agriculture Organization (FAO) The 
United Nations’ agency dedicated to the elimination of 
world hunger. 

food chain A sequence of organisms where each 
member is preyed upon by the organism one step higher 
in the chain. 

food production indexes A measure of the value of 
food produced by different countries. 

forest fire A large-scale fire in a forested region. 

fossil fuel A geologically ancient substance such as 
coal, oil, or gas that gives off CO, when burned as a fuel. 
fragmentation When continuous environments are 
broken down into smaller pieces due to habitat 
destruction. 

frontier forest Large undisturbed and mostly 

pristine forests thought to be of great environmental 
value. 

fungus Any organism within the kingdom Fungi 
including the mushrooms, yeasts, molds, and smuts. 
Gaia hypothesis A theory that the biosphere acts as a 
self-sustaining, self-regulating organism. 

gaseous pollutants Any substances discharged in 
gaseous form that are damaging to the environment. 
gene A specific location on a chromosome that codes for 
a particular characteristic such as eye or hair color. 


gene bank A facility that stores DNA for species or 
varieties. 

genetically modified (GM) crop A crop that has been 
genetically altered to enhance its characteristics. 
genetic diversity The genetic variation between and 
within species that helps life persist in the face of 
epidemic diseases and climatic change. 

genetic engineering Inserting genes from one source 
into another using molecular techniques. 

genetic mutation A process that changes the genetic 
makeup of an organism. 

genocide The systematic extermination of an entire 
group of people. 

genome The entire genetic makeup of a particular 
organism. 

germinate Beginning to grow or sprout. 

glacier A huge mass of ice that moves very slowly over a 
landmass. 

global economy A measure of the international 
economy characterized by free trade in goods and 
services. 

global warming An average increase in the temperature 
of Earth’s atmosphere, especially a sustained increase 
sufficient to cause climate change. 

grazing Animals feeding on growing grass. 
greenhouse effect A phenomenon whereby Earth’s 
atmosphere traps solar radiation causing the atmospheric 
temperature to rise. 

greenhouse gas A gas such as carbon dioxide or 
methane that contributes to the greenhouse effect and 
global warming. 

Green Revolution A 1960s program to boost world 
food supplies using innovative high-yielding hybrid 
cereals. 

Gross Domestic Product (GDP) Total value of all the 
goods and services produced within a nation. 

Gross National Product (GNP) The total value of 
goods and services produced by a nation. 

groundwater Water beneath Earth’s surface, 

usually between soil and solid rock, that supplies springs 
and wells. 

guinea worm A parasitic nematode worm found 

in Asia. 

Gulf stream A warm current of the Northern Atlantic 
Ocean originating in the Gulf of Mexico. 

habitat An environment or area where an organism or 
ecological community normally lives or occurs. 

half-life The time required for a chemical or substance 
to fall to half its original strength. 

healthcare The management of illnesses through the 
services offered by medical professions. 

heart disease An abnormality of the heart or blood 
vessels supplying the heart. 

heavy metal A metallic element with high atomic weight 
that is generally toxic. 

herbicide Subtances toxic to plants used to control 
weeds. 
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Human Immunodeficiency Virus (HIV) The virus that 
eventually causes AIDS. 

hunting The catching of animals for consumption. 
hydrocarbon An organic compound containing only 
hydrogen and carbon. 

hydroelectric power The generation of electricity using 
water. 

hydrogen An organic compound consisting of only 
hydrogen and carbon. 

illegal logging Cutting down trees for profit without 
permission. 

illiteracy Being unable to read or write. 

immigration The movement of people into a country. 
incineration The burning of waste. 

indicator species A species that indicates the health of 
the environment. 

indigenous people People living and occurring naturally 
in a region. 

industrial effluent The discharge of liquid waste from 
factories. 

industrialized country A state that has shifted its main 
production from agriculture to industry. 

industrial pollution The emission of harmful substances 
from factories or industry. 

Industrial Revolution The mechanization of industrial 
production that started in eighteenth-century England. 
infectious diseases Diseases that can be transmitted 
between individuals through physical contact, such as 
HIV, or through the air, such as influenza. 
infrastructure Basic facilities in a country or city such as 
transportation, roads, and schools. 

integrated pest management (IPM) The management 
of pests using chemical, biological, and cultural methods. 
intensive farming The exhaustive use of land for 
farming. 

invertebrates All animals without a backbone. 

in vitro A procedure conducted in an artificial 
environment instead of within a living organism. 
irrigation Supplying land artificially with water to grow 
crops. 

ivory A hard white substance that forms the tusks of 
elephants and some other mammals. 

Kyoto protocol An international agreement to reduce 
greenhouse gas emissions. 

landfill! A method of waste disposal where garbage is 
buried on land. 

land reclamation The act of filling in coastal areas or 
wetlands to build on. 

larva (pl. larvae) The immature life stage of some 
insects. 

lead A soft metallic element (Pb) that is used in bullets, 
paints, and radiation shielding. 

levee An embankment designed to stop flooding. 

life expectancy The length of time a person or animal is 
expected to live, usually given in demographic statistics. 
liquid pollutant A liquid that is damaging to the 
environment. 
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livestock Any animals kept for consumption or dairy 
produce. 

local government Regional authorities making decisions 
at a local level. 

logging The removal of trees and forests for profit. 
magnesium Silvery white metallic element (Mg) used in 
incendiary bombs and flash photography. 

malaria An infectious disease caused by the plasmodium 
parasite and spread by the anopheles mosquito. 
malnutrition Health problems directly related to a 

poor diet. 

mammal Any animal in the class Mammalia characterized 
by having mammary glands and hair. 

mangrove forest Forests found growing on tropical 
coastlines with their roots in seawater. 

marine pollution Pollution found in the oceans or 
around coastlines. 

mass extinction The loss of many species over a short 
period of geologic time. 

mealybug Sap-sucking insect pest of the class 
Orthoptera. 

mechanization Replacing equipment with more 
advanced and automated technology. 

meltdown The overheating and subsequent melting of a 
nuclear reactor core. 

mercury Metallic silvery element (Mg), liquid at room 
temperature, used in thermometers. 

metabolism The chemical processes within living cells 
that are necessary to maintain life. 

methane Colorless, odorless, flammable gas that is the 
main constituent of natural gas. 

metropolitan Relating to a city or built-up urban area. 
microorganism Any organism of microscopic size. 
mining The extraction of raw materials from Earth. 
mitigation Lessening the impact of a development on 
the environment by providing some form of alternative. 
monoculture The cultivation of a single crop species. 
Montreal protocol A treaty that governs the ozone layer 
and monitors the production and use of ozone 
depletants. 

mosquito A small flying insect of the Class Diptera 
responsible for spreading the disease malaria. 
municipal waste Domestic garbage from urban areas. 
myxamitosis A virus affecting rabbits. 

national debt The overall debt owed by a government. 
national government The authority that makes 
decisions at a national level. 

natural gas A naturally occurring gas found in porous 
rocks under Earth’s surface. 

natural selection The reproduction of animals and 
plants most suited to a particular environment. 
neutralize To alter the pH of a substance toward 7 
(neutral), which is neither acidic nor alkaline. 

nitrate A chemical used in fertilizers that is harmful to 
aquatic organisms at high concentrations. 

nitrogen A nonmetallic element (N) that makes up over 
four fifths of the volume of air. 


nitrogen oxide Any of several oxides of nitrogen. 
noncommunicable condition A disease or condition 
that cannot be transmitted from one individual to 
another, such as heart disease or depression. 
non-governmental organization (NGO) An 
organization providing assistance to developing nations 
that is independent of any national government. 
Northern Hemisphere The half of Earth north of the 
equator. 

North Sea A sea that is the location of productive 
fishing areas and oil fields between the United Kingdom 
and northern continental Europe. 

nuclear disaster Any accident involving the escape of 
nuclear material. 

nuclear reactor A device containing a controlled fission 
chain reaction to produce energy. 

nuclear waste Radioactive waste usually from nuclear 
power Stations. 

nutrients Sources of nourishment such as in food. 
nutrition The science of food and nourishment. 
obesity A medical condition characterized by high levels 
of body fat. 

Oceania The islands of the Pacific Ocean and 
Australasia. 

Official Development Assistance (ODA) Economic 
aid from the governments of developed countries to 
developing states. 

oil spill A release of oil into the environment that is 
usually accidental. 

opencast mining The extraction of raw materials from 
open pits. 

organic chemical Any chemical with a hydrogen carbon 
structure. 

organic farming Farming without the use of any 
synthetic fertilizers or pesticides. 

organic matter Any compounds containing carbon, 
usually derived from living organisms. 

organochlorine A group of pesticides containing 
chlorine, including DDT. 

osmosis The diffusion of fluid across a membrane from 
a low solute concentration to a higher solute 
concentration. 

overcrowding A situation in which there are more 
people or animals in a location than it can support. 
overfishing When a body of water has been fished to 
such an extent that it causes an overall loss of living 
creatures. 

overgrazing When animals graze vegetation excessively, 
causing damage to the vegetation. 

ozone An allotrope of oxygen formed naturally in the 
ozone layer. 

ozone layer A belt of ozone gas in the upper 
atmosphere that filters ultraviolet radiation. 

pampas A huge plain in south-central South America. 
parasitic wasp An insect of the class Hymenoptera that 
lays eggs on or in the bodies of their live prey. 
particulate A minute particle of a substance. 


pathogen An agent that causes disease in an organism 
or person. 

pension Money paid regularly as a retirement benefit. 
per capita For each individual person. 

persistent organic pollutants (POPs) Chemical 
substances that persist in the environment and which are 
hazardous to human health. 

pest Any animal or plant injurious to human interests. 
pesticide A type of chemical used to kill pests of all 
kinds, but most commonly insects. 

petabecquerel (PBq) A unit of measurement of 
radioactive waste or escaped material in the 
environment. 

pH The measure of a substance’s acidity or alkalinity. 
phosphate An organic compound containing phosphate 
used in fertilizers. 

phosphorus Nonmetallic, explosive element (P) used in 
incendiary devices. 

photosynthesis The production of carbohydrate in 
plants using carbon dioxide and water with sunlight. 
phytoplankton Photosynthetic plankton such as algae. 
plowing Making land ready for crop growing using a 
plow. 

pneumonia A bacterial lung disease. 

poaching The illegal hunting of protected animals. 
pollination The transfer of pollen to the stigma of a 
flower to complete the reproduction of plants. 

pollution Harmful substances or other agents introduced 
to the environment. 

pollution abatement Legislation aimed at the 
prevention, reduction, and elimination of pollution. 
polychlorinated biphenyl (PCB) A toxic environmental 
pollutant that can accumulate in animal tissue. 

polyvinyl chloride (PVC) A widely used hard-wearing 
plastic. 

population The total number of inhabitants in a 
particular area or of a particular race or class. 
population density The number of people living in a 
particular area. 

population growth rate The rate at which a population 
of plants, animals, or people grows. 

potassium A silvery, soft, explosive metallic element (K) 
used in fertilizers. 

potato blight A destructive fungal disease of potatoes. 
poverty A state of existence in which human beings lack 
the means of providing all their basic material needs. 
precipitation Any form of water-related weather such as 
rain and snow. 

predation The capture of prey for food. 

protein A fundamental component of all living cells 
including enzymes and antibodies. 

public sector A section of the economy providing 
government services. 

public transport A transport system within a country or 
city that is used by people to travel. 

purse seine A large fishing net drawn into the shape of 
a bag for catching fish shoals. 
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quarrying The extraction of stone from open pits or 
quarries. 

radiation Energy emitted from radioactive substances. 
radioactive particles Particulate radioactive 

matter. 

reclaimed land Land that has been reclaimed from the 
sea through engineering. 

recycling The reuse of materials to save on waste 
production. 

reforestation The replanting of trees and forests. 
refugees People who flee a troubled area in search of 
safety in times of war or political unrest. 

renewable energy Energy generated from renewable 
sources such as wind, sunlight, and waves. 

resistance When pests become immune to pesticides 
through natural selection. 

rhizofiltration The removal of toxins from water 
through plant growth. 

rice The starchy grain of a cereal used as a staple food 
throughout the world. 

river blindness A parasitic worm disease spread by 
blackfly that can cause blindness. 

root crop A crop with large roots such as the potato or 
beet. 

rotation system The successive planting of different 
crops in the same area to control disease and enhance 
the soil. 

ruminant An animal such as a sheep, cow, or goat, with a 
stomach divided into four parts. 

ruminant digestion The specialized way in which 
ruminants eat by regurgitating partially digested food. 
runoff Precipitation, snow, and ice melt, and all other 
water that flows from the land into the ocean. 

rural Related to the countryside. 

rural decline The process by which people leave rural 
communities. 

Sahara Desert The largest desert in the world, located 
in North Africa. 

salinity A measure of how much salt a liquid contains. 
salinization The accumulation of salt in soil. 
sanitation The clean and safe disposal of sewage. 
satellite mapping The use of satellite cameras to map 
large areas of earth. 

savannah The large flat grasslands found in the tropics 
and subtropics. 

schistosomiasis A tropical disease common in poorer 
countries caused by consuming water infected with 
schistosomes. 

seizure A sudden convulsion. 

selective breeding The selection of plants or animals 
used for breeding to develop better varieties or breeds. 
sewage Liquid and solid human waste and rainfall 
carried away in sewers. 

sewer A system of pipes for the safe disposal of sewage 
and rainwater. 

sex pheromone A scent released by insects and other 
animals to attract members of the opposite sex. 
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shore The area of land adjacent to a body of water that is 
covered at high tide and submerged at low tide. 

skin cancer A malignant tumor or growth in the skin 
often attributed to exposure to ultraviolet radiation. 
slums An urban area or district that is usually heavily 
populated with inferior housing and squalid living 
conditions. 

smog A mixture of fog and smoke. 

social services Services such as welfare and healthcare 
provided by governments to help improve the general 
standard of living of the population. 

sodium carbonate A crystalline compound produced in 
large quantities, used in the manufacture of glass and 
chemicals. 

soil degradation The spoiling of soil by regressive 
processes in which it becomes less fertile. 

soil erosion The loss of soil by the action of wind or 
rain. 

spawning ground An area that fish move to in order to 
spawn (release eggs). 

speciation An evolutionary process whereby a biological 
species is formed from the division of a species into two 
or more distinct separate species. 

statistics The use of numbers to characterize a 
population. 

sterile male technique The sterilization of male insects 
so that the females will produce infertile eggs. 

storm surge A temporary rise in sea level along a coast 
as a result of storm winds. 

stratosphere Layer of the atmosphere in which ozone 
concentration is at its highest. 

sub-Saharan Africa The African continent lying south 
of the Sahara. 

subsistence Existing with a minimum level of 
resources. 

sulfur A yellow non-metallic element (S), used in 
pharmaceuticals and rubber vulcanization. 

sulfur dioxide (SO.) A toxic colorless gas present in 
industrial emissions. 

sulfuric acid A highly corrosive acid. 

sulfur oxide (SO,) Any of several oxides of sulfur. 
sustainable development Social development that 
meets the needs of people without compromising the 
needs of future generations by environmental 

damage. 

symbiotic A close association between two or more 
species. 

The Americas North, Central, and South America 
collectively. 

The Earth Summit Popular name for the United 
Nations Conference on Environment and Development 
(UNCED) held in Rio de Janeiro in 1992. 

tilling Preparation of land for the growing of crops. 
tobacco A crop cultivated for its leaves, which are 
smoked. 


toothed whale Any of the whales that have teeth, 

such as killer whales and dolphins. 

topography The land features of a place or region. 
topsoil The uppermost layer of soil. 

toxic Any chemicals or substances capable of causing 
injury or death to an organism. 

trait Any genetic or physical characteristic such as 

eye color. 

transgenic An organism containing genes from a 
different species or breed. 

transmigration The movement of large numbers of 
people across political borders. 

tributary A stream that flows into larger streams or 
rivers. 

tropical cyclone A storm originating over tropical or 
subtropical waters. 

tropical forest A forest found within the tropics, 
including rainforests. 

trypanosome A microscopic protozoan parasite spread 
by biting insects, which causes diseases such as sleeping 
sickness. 

tsetse fly A biting fly found in Africa, which is 
responsible for spreading sleeping sickness. 
tuberculosis An infectious, bacterial, and long lasting 
disease affecting the lungs. 

ultraviolet (UV) radiation Radiation within the 
ultraviolet range. 

UNHCR United Nations High Commissioner for 
Refugees. 

urban Relating to a city or town environment. 
urbanization The gradual migration of people from rural 
environments to cities. 

vaccine A substance that stimulates the immune system 
to fight off future infections. 

vector An organism such as a mosquito that spreads 
disease. 

vehicle emissions Gases and pollutants emitted from 
motor vehicles. 

volatile substance A substance that is unstable or likely 
to explode. 

waterborne diseases Any diseases which are usually 
related to the lack of adequate sanitation such as cholera 
and typhoid. 

water pollution Harmful material that damages the 
quality of water or organisms within it. 

weeds Any plants considered undesirable or damaging 
to human interests. 

welfare Financial or other aid provided by the 
government to its people. 

wetland Low-lying areas saturated with water such as 
swamps or marshes. 

WHO The UN’s specialized agency for health, the World 
Health Organization. 

wind erosion The movement of sediments and soil by 
the wind. 


Internet resources 


There is a lot of useful information on the internet. 
Information on a particular topic may be available 
through a search engine such as Google 
(http://www.google.com). Some of the sites that are 
found in this way may be very useful, others not. 
Below is a selection of Web sites related to the 
material covered by this book. 


The publisher takes no responsibility for the 
information contained within these Web sites. 
All the sites were accessible in April 2006. 


British Antarctic Survey 
The British Antarctic Survey and its antecedents have 
been conducting scientific research in Antarctica for 
almost 60 years. 

http://www.antarctica.ac.uk 


Earthtrends 
An initiative by the World Resources Institute to 
provide information about environmental, social, 
and economic trends. 

http://earthtrends.wri.org 


Environmental Protection Agency (EPA) 
The federal agency with the remit “to protect human 
health and the environment.” 

http://www.epa.gov 


FAOstat 

Statistical databases produced by the Food and 

Agricultural Organization of the United Nations. 
http://faostat.fao.org 


Fishonline 
A resource provided by the Marine Conservation 
Society enabling consumers to identify fish caught by 
environmentally-friendly methods only. 

http://www. fishonline.org 


Food and Agriculture Organization (FAO) 

The United Nations organization that “leads 

international efforts to defeat hunger. Serving both 

developed and developing countries, FAO acts as a 

neutral forum where all nations meet as equals to 

negotiate agreements and debate policy.” 
http://www.fao.org 
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Global Warming International Center 
Disseminates information on global warming science 
and policy, serving governments, nongovernmental 
organizations, and industries. 
http://www.globalwarming.net 


GreenFacts.org 

A Belgian organization that aims to “make complex 

scientific consensus reports on health and the 

environment accessible to nonspecialists.” 
http://www.greenfacts.org 


Greenpeace 

A leading campaign for the conservation of the 

planet’s resources. One of its priorities is the 

prevention of human-induced climate change. 
http://www.greenpeace.org 


International Research Institute for 
Climate Prediction 
Aims to enhance the knowledge, anticipation, and 
management of the impacts of seasonal climate 
fluctuations, to improve human welfare and the 
environment. 

http://iri.ldeo.columbia.edu 


Open Directory Project: Environment 

A comprehensive listing of internet resources in the 

field of environmental issues. 
http://dmoz.org/Science/Environment/ 


Organization for Economic Co-operation and 
Development (OECD) 
An international organization with 30 member states 
“sharing a commitment to democratic government 
and the market economy.” An excellent source of 
economic and other statistics. 

http://www.oecd.org 


Oxfam International 

One of the world’s largest and most influential 

charities, Oxfam “seeks increased worldwide public 

understanding that economic and social justice are 

crucial to sustainable development.” 
http://www.oxfam.org 


ReefBase 
A comprehensive resource containing information 
about the extent of the world’s coral reefs, the threats 
they face, and what should be done to protect and 
manage them. 

http://www.reefbase.org 
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The Ozone Hole 
An organization dedicated to “preventing the 
destruction of the ozone layer, preventing global 
warming, and the preservation of Earth’s 
environment.” 

http://www.theozonehole.com 


United Nations Children Fund (UNICEF) 

“UNICEF is mandated by the United Nations General 

Assembly to advocate for the protection of children’s 

rights, to help meet their basic needs, and to expand 

their opportunities to reach their full potential.” 
http://www.unicef.org 


United Nations Educational, Scientific and 

Cultural Organization (UNESCO) 

As part of its remit on the natural sciences, UNESCO 

has several programs dedicated to assessing and 

managing Earth’s natural resources. 
http://www.unesco.org 


United Nations Environment Program 
(UNEP) 
A United Nations organization with the mission 
statement: “To provide leadership and encourage 
partnership in caring for the environment by 
inspiring, informing, and enabling nations and 
peoples to improve their quality of life without 
compromising that of future generations.” 
http://www.unep.org 


United Nations Framework Convention on 
Climate Change (UNFCCC) 
A forum for the 189 nations that are signatories to the 
1994 Convention on Climate Change. 

http://unfccc.int 


World Bank 

A major source of funding for developing nations that 

has the stated aim of “global poverty reduction and 

the improvement of living standards.” 
http://www.worldbank.org 


World Conservation Monitoring Center 

(WCMC) 

“The biodiversity assessment and policy 

implementation arm of the United Nations 

Environment Program.” 
http://www.unep-wemc.org 


World Conservation Union (IUCN) 
Also known as the International Union for the 
Conservation of Nature and Natural Resources, 
the World Conservation Union aims to 
“influence, encourage, and assist societies 
throughout the world to conserve the integrity 
and diversity of nature and to ensure that any 
use of natural resources is equitable and 
ecologically sustainable.” 

http://www.iucn.org 


World Food Program (WFP) 
The food aid branch of the United Nations with 
the stated aim of using food aid to “meet 
emergency needs” and to “support economic and 
social development.” 

http://www.wfp.org 


World Health Organization (WHO) 
The United Nations agency for health: its stated 
aim is “the attainment by all peoples of the highest 
possible level of health. Health is defined in 
WHO’s constitution as a state of complete 
physical, mental, and social well-being and not 
merely the absence of disease or infirmity.” 
http://www.who.int/en/ 


Worldwatch Institute 

The Worldwatch Institute has been a leading 

provider of information about environmental, 

social, and economic trends since 1975. 
http://www.worldwatch.org 


World Wildlife Fund (WWF) 
The largest privately-funded international 
conservation organization in the world. The World 
Wildlife Fund in North America (World Wide Fund 
for Nature, WWF, in the rest of the world) is 
“committed to reversing the degradation of our 
planet’s natural environment and to building a 
future in which human needs are met in harmony 
with nature.” 

http://www.worldwildlife.org 
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